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OBITUARY  NOTiCiilS  OF  FELLOWS  DECEASED 


BsTWKEN  dOra  Not.  1864  and  SOth  Nov.  I860. 

JoBN  George  Appold  died  August  31,  1865.  Mr.  Appold  was 
gmtlj  distinguished  as  an  amateur  engineer,  and  for  his  success  in  the 
genenl  application  of  chemical,  physical,  and  mechanical  principles  for  the 
purposes  of  mankind* 

He  was  born  on  the  14th  of  April,  1800,  at  the  factory  of  his  father. 
Christian  Appold,  in  Wilson  Street,  Fmshury.  He  was  educated  at  an  in- 
different school  in  the  vicinity,  and  at  an  early  age  was  taken  from  his 
studies  to  assist  his  father,  who  was  a  fur-skin  dyer  of  much  celebrity.  At 
the  age  of  22  his  father  gare  him  the  bunness,  when  his  far-seeing  mind  at 
once  perceif  ed  that  the  pow|r  of  steam  might  be  advaotsgeously  introduced 
into  his  factory,  and  that  if  he  was  to  hold  the  6rst  place  in  his  department 
of  manufacture,  he  must  rely  upon  a  knowledge  of  chemistry  and  physics. 
For  years  he  devoted  himself  to  hb  factory  with  such  success  that  he  im- 
proved his  art,  and  in  some  cases  was  the  sole  possessor  of  a  knowledge  of 
the  means  by  which  he  carried  out  difficult  processes.  Through  this 
superior  skill  he  amassed  in  a  few  years  a  handsome  fortune,  by  industry 
and  talent  alone,  without  resorting  to  speenlation  of  any  kind. 

Firom  about  the  year  1844  he  bestowed  less  time  on  his  business,  and 
was  thus  enabled  to  apply  the  knowledge  which  he  had  obtained  therefrom 
to  a  wider  range  of  subjects,  whereby  he  gained  the  confidence  and  esteem 
of  the  leading  engineers  of  the  age. 

Mr.  Appold  was  exceedingly  modest  and  dbtrustful  of  his  own  powers, 
till  he  found  that  men  of  the  highest  reputation  listened  to  him  mth  re- 
spect and  commendation,  when,  fortunately  for  the  public,  he  became  more 
confident  in  euforcing  his  own  inventions.  He  was  somewhat  irritable  in 
manner,  especially  when  wrongfully  contradicted ;  but  was  greatly  belof  ed 
by  his  men,  not  only  from  the  kindness  of  his  heart,  but  from  the  con- 
fidencc  with  which  he  inspired  them  when  difficulties  had  to  be  overcome. 

lie  was  married  at  the  age  of  '25  to  Miss  Maria  Illmann,  who  dnring  the 
wiiole  of  his  life  aipathizcd  with  his  train  of  thought,  calmed  his  irrita- 
biUty,  took  the  liveliest  iiitercsL  111  all  his  project^;,  and  by  a  devotion  to 
his  comfort  auJ  happiness  contributed  in  110  buiail  degree  to  further  the  iii- 
Yeritions  which  he  has  given  to  the  world. 

Mr.  A])pold  was  not  a  ninn  of  extensive  rcadlnpr,  and  indeed  he  used 
Hooks  but  little;  but  he  was  a  careful  observer  of  facts,  and  his  mind  wis 
well  stored  with  accurate  and  exact  data  availnble  lor  use.  His  invent loutj 
and  proccfestb  were  the  result  of  pure  thought.  They  were  but  hiiie  de- 
rived from  the  analogy  of  other  methods  in  actual  use,  but  were  iu  great 
measure  creations  of  his  own  mind. 

Mr.  Appold's  choniieal  inventions  were  confined  to  his  own  lJU^iness  ; 
none  of  them  have  ever  been  published,  some  are  siiii  in  the  possession  of 

vol..  XV.  * 


Digrtized  by  Google 


a* 

li 


the  present  proprietors  of  the  factorjj  but  others  doubtless  will  be  for  ever 
lost. 

In  applied  electricity  Mr.  Appold  pointed  out  diriicultics  in  the  use  of 
that  agent  as  a  motive  power  for  clocks,  and  attempted  to  prevent  irregu- 
larity in  their  performance,  but  without,  however,  attaining  the  degree  of 
perfection  which  his  exact  mind  alone  could  tolerate.  His  great  work  in 
connexion  with  electricity  is  of  a  purely  mechanical  nature,  as  he  devised 
a  most  effieient  break  to  regulate  the  sj)ccd  of  laying  electric  cables  at  the 
bottom  of  the  sea.  From  Hie  j^r-  it  value  of  this  apparatus  the  name  of 
Appold  will  he  ever  associated  with  this  departnieut  of  cngiueeriiig,  as  the 
successful  laying  of  the  Atlantic  and  <  tlicr  cables  has  in  no  small  degree 
depended  upon  this  invention,  although  others  have  subsequently  made 
improYements  upon  it.  This  contrivance  is  an  adaptation  of  a  labour- 
regulating  machine,  invented  and  patented  by  him  some  time  previously, 
for  use  at  prisons,  so  that  the  labour  which  eVeij  prisoner  performs  may 
be  exactly  apportioned  to  his  strength. 

Hydraulic  science  was  a  particularly  faTourite  subject  with  Mr.  Appold. 
His  centrifugal  pump  stands  boldly  forward  as  an  invaluable  instrument  for 
raising  large  quantities  of  water  to  a  moderate  boght.  The  construction  of 
this  pump  was  a  special  instance  of  an  invention  arrived  at  by  thoughtful 
investigation.  The  experiments  were  made  at  considerable  cost  to  himself  in 
his  factory,  and  after  accurately  watching  the  results,  he  applied  his  mind 
to  a  right  consideration  of  their  bearing,  and  thus  produced  a  pump  which 
for  its  particular  purposes  surpasses  every  invention  which  preceded  it.  In 
the  Great  Exhibition  of  J  851  a  centrifugal  pump  was  exhibited,  the  merits 
of  wbidi  are  fully  described  in  the  Reports  of  the  Jurors,  and  in  the  Exhi* 
bition  of  1862  a  much  larger  one  was  shown.  The  Appold  centrifugpd 
pump  is  largely  used  in  Egypt  and  in  the  West  Indies  for  the  purposes 
of  irrigation.  It  is  also  beneficially  used  for  draining  tracts  of  ground 
lying  below  the  level  of  the  natural  outfall ;  and  Whittlesea  Mere,  and  a 
great  portion  of  the  Bridgwater  marshes  were  drained  by  its  instrumen- 
tality. 

Mr.  Appold  ali-o  devised  a  pump  for  raisiiiL'  the  thick  viscid  printing  ink 
used  for  the  'Times'  newspaper,  which  appuialus  has  been  cm})loycd  for 
some  time,  and  well  illustrates  his  success  in  adapting  his  cuiiUivauccs  tu 
the  requirements  of  the  case. 

His  wondei  I'ul  jiower  of  intelligent  observation  was  well  displayed  during 
the  attempts  to  launeli  tlic  Great  Eastern  steamship  at  Black  wall  by  means 
of  hydraulic  pumps,  when  hi  ^  hikilled  eye  detected  that  the  labourers  were 
working  irregularly,  and  sometimes  the  labour  which  they  apparently  gave 
was  a  mere  sham.  He  immediately  communicated  with  Mr.  Brunei,  who 
gave  him  leave  to  fix  a  test  upon  each  pumj)  to  show  the  work  performed. 
This  was  highly  aitprcelatcd  by  the  great  engineer. 

Mr.  Apjiold  was  i>ecuiiarly  happy  in  deviling  valves  in  connexion  with 
large  pumps,  aud  many  such  now  hi  use  at  the  large  waterworks  were 
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contrived  by  liiiii.  ^Aio  invciiteU  a\;ilve  for  equalizing  tlie  flow  of 

water,  and  tliiis  eiisiiiiiig  the  safety  of  ])riton8  using  hydraulic  hlid  by  a 
proper  rcguhition  of  tlic  speed,  irrespective  of  variation  of  the  weight  by 
tlifKrcucc  iu  the  auuiber  of  persons  employing  them.  This  valve  is  in 
coinn:oii  use  at  all  the  large  hotels. 

A  yery  pretty  contrivance  was  iiivciittd  by  him  for  throwing  air  into 
\tatLi-pi])es  u.iiler  great  i)rc'.>iure.  At  tlic  waterworks  of  the  South  Essex 
Conipaoy  \viitcr  is  puuipcJ  12  miles  and  raised  4U0  feet  by  the  direct  action 
of  the  engine.  Under  these  circunistcinceb  the  air  in  the  air-vessel  was  ab- 
sorbed by  the  water,  and  the  use  of  an  air-jjumj)  caused  great  heat  from  the 
Cuiiipres.-ion  of  the  air.  On  consideration  of  all  the  facts,  lie  immediately 
coiitrived  an  injector,  by  which  a  suitable  quantity  of  air  Waa  thrown  into 
the  air-vessel  withont  the  ;iid  of  auy  pump. 

Heal>o  devised  a  simple  method  to  avoid  th.e  bursting  of  water-pij)es  in 
hou^e??  when  the  water  is  suddenly  slint  olF  at  high  pressures,  and  also  to 
preient  the  unpleasant  noi>e  wdiich  occurs  under  these  circumstances.  His 
coiitrivauLC  consists  in  soldering  a  foot  of  ])ipe,  closed  at  one  end  and  full 
of  air,  vertically  near  the  tap.  This  acts  as  an  air-veasel,  and  jperfecUy 
preveuts  the  noise  or  the  risk  of  fracture  of  the  pipe. 

The  Appold  overflow  for  cisterasis  an  ingenious  application  of  scientific 
principles,  by  which  cisterns  can  be  filled  with  safety  to  a  very  short 
distance  of  their  top.  The  overflow  consists  of  a  funnel-shaped  pipe,  con- 
tracted at  the  bottom  and  very  large  at  the  top.  This  is  covered  with  an 
inverted  uRtallic  saucer,  so  that  when  the  water  flows  fast  the  whole  pipe 
is  filled,  and  with  the  corering  constitutes  a  siphon  which  powerfully  sucks 
down  the  water. 

Mr.  Appold  also  warmly  advocated  the  use  of  siphons  to  carry  water 
over  an  embankment  instead  of  having  culverts  through  the  bank.  For 
thia  purpose  he  recommended  that  one  valve  only  should  be  used,  and  that 
it  should  be  placed  at  the  upper  part  of  the  siphon,  so  that  facility  of  exa- 
mination may  be  secured.  Mr.  Appold  also  suggested  to  Messrs.  Easton 
and  Amos  the  arrangement  of  air-pumps  which  are  employed  for  the  ex* 
haustion  of  the  siphons  at  Kings  Lynn. 

Great  as  Mr.  Appold  was  in  his  knowledge  of  hydraulic  principles  and 
in  his  application  of  them,  he  was  no  less  fortunate  in  his  successful  appre- 
ciation of  pneumatic  science.  He  was  a  thorough  master  of  ventilation, 
and  that  at  a  time  when  the  principles  of  the  art  were  but  imperfectly 
kuown ;  bis  own  house  was  for  years  regarded  as  a  model  of  perfection 
in  that  way,  as  fresh  air  of  regulated  temperature  and  moisture,  and 
thoroughly  screened  firom  all  imporities»  was  abundantly  supplied  by  a 
series  of  most  ingenious  self-actmg  contrivances.  The  Appold  motor- 
hygrometer  which  Mrs.  Appold  presented  to  the  Royal  Society,  whereby 
a  adf-flcting  motive  power  was  obtained  under  any  desired  condition  of 
hygn>m6tric  moisture,  is  a  very  remarkable  example  of  the  skill  with 
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which  Mr.  Appold  devised  tlic  most  delicate  Apparatus  to  meet  any  w;^nt. 
Bf  the  use  of  this  instrument  the  flow  of  a  small  stream  of  water  over  a 
warm  stove  was  regulated,  and  hy  this  means  one  uniform  hygrometric 
state  of  the  atmosphere  was  ensured  throughout  the  building.  The  bel- 
lows he  applied  to  prevent  the  jar  of  slamming;  doors  is  au  increnions  and 
effective  apparatus ;  and  the  Appold  rntumatic  Valve,  for  prcvcatiiig 
dovvu  draughts  with  very  fee  Me  currents,  acts  perfectly. 

Mr.  Appold*s  mechanical  contrivances  were  innumerable,  and  many  of 
them  tli.^iiuguished  hy  their  extreme  originality.  Perhaps  the  most  re- 
markflhle  is  the  scrubber,  devised  to  remove  deposits  from  the  inside  of  the 
water-pipes  of  a  town.  This  has  been  used  with  perfect  success  at  Torquay, 
but  it  is  to  be  regretted  that  he  never  himself  know  thnt  his  design  answered 
its  expectrtdons.  It  was  a  question  whether  tlic  in;;iii  pipes  of  Torquay 
would  not  have  to  he  removed,  but  the  action  of  tiie  scrubber  was  so  per- 
fect, that  the  deposit  was  entirely  disintegrated  and  carried  away  with  the 
flow  of  water.  In  his  factory  many  remarkable  devices  existed.  Pumps 
were  curiously  arranged  to  throw  on  and  off  as  they  were  required;  and  air 
was  supplied  to  the  steam-engine  fire  by  self-regulating  apparatus. 

Besides  his  more  important  contrivances  be  made  some  for  mere  amuse* 
ment;  and  erery  part  of  his  house  bore  testimony  to  the  fertility  of  his  ima- 
gination and  power  of  iuTention.  Doors  were  made  to  open  on  approach, 
and  to  shut  after  the  person  had  passed  through  ;  others  locked  themselves 
afterwards.  He  had  contrivances  also  by  which  all  the  shutters  of  a  room 
closed  by  the  touch  of  a  spring,  and  thus,  when  associated  with  the  legu* 
lator  of  a  gas-lamp,  caused  a  change  from  daylight  to  gaslight,  to  the  no 
small  amusement  of  his  visitors.  All  his  numerous  contrivances  acted 
perfectly,  even  to  the  unimportant  matter  of  his  self-acting  stable-gates, 
which  when  once  adjusted,  were  so  eiact  in  their  mechanism  that  they 
remained  in  use  for  years  without  requiring  attention. 

Shortly  before  his  death  he  was  constructing  an  apparatus  for  measuring 
accurately  the  pitching  and  rolling  of  vessels  at  sea. 

Mr.  Appold  showed  a  knowledge  of  the  laws  of  heat  by  constructing  a 
thermometer  of  extreme  delicacy  for  a  range  of  a  few  degrees.  It  consisted 
of  a  thin  plate  of  sine  and  steel  rivettcd  together,  and  suspended  on  a  knife* 
edge,  so  that  its  bar  was  nuequslly  balanced.  This  form  of  thermometer 
is  difficult  to  manufacture,  otherwise  it  would  doubtless  be  in  general  use 
for  sitting-rooms  and  greenhouses,  as  it  bdicates  distinctly  a  variation  of  a 
tenth  of  a  degree,  which  can  be  read  across  the  room,  tte  also  constmcied 
a  motor  thermometer  to  regulate  the  supply  of  gas  to  a  stove  according  to 
the  temperature  of  an  apartment  at  a  considerable  distance,  and  this  acted 
in  the  most  efficient  manner.  -  ' 

One  very  curious  appHcatton  of  physiological  experiment  Mr.  Appold  has 
left  us  in  connexion  with  the  Daguerreotype.  ''In  therarly  days  of  stereo- 
scopic photography  he  conceived  the  idea  that  from  the  superposi^m  in 
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mieafotone*s  fitenosoope  of  two  images  of  the  hamaa  coonleiuuice,  one 
laii^utig  and  the  other  extremelj  Mrioue,  t  normal  state  of  counteuance 
would  be  prodnoed.  Aceordingly  he  had  two  aaeh  pictures  made  of  him* 
idf,  and  the  effect  which  is  produced  by  regarding  the  two  images  through 
the  stereoscope  is  so  good,  that  his  famUj  and  friends  consider  that  it  is 
bj  &r  the  best  likeness  which  remains,  and  expresses  most  accurately  his 
nstnnl  condition  of  countenance. 

^ith  hnt  rerj  slight  knowledge  of  the  use  of  figures,  Mr.  Appold 
had  Tcrf  considerable  power  of  mental  calculation*  He  made  curious  and 
cxtensife  mental  calculations  which  approximated  very  dosely  to  the  truth. 
In  thia  way  he  astonished  Stephenson  and  other  engineers  by  suddenly 
stating  how  much  he  could  by  his  own  strength  deflect  the  colossal  brid^^c 
over  Uie  Menai  Straits.  Upon  accurate  measurement  it  was  found  that 
he  really  deflected  it  more  than  he  stated,  bat  then  he  said  he  used  all  his 
strength,  and  had  been  afraid  of  overstating  his  case.  His  mode  of  calcu- 
lating appeared  to  be  by  a  geometric  series,  continually  hairing  or  doubling, 
as  the  case  required,  from  a  known  unit. 

Durins:  the  last  twenty  years  of  his  life  he  was  always  present  when  any 
great  cuguiccring  work  was  being  carried  out.  He  was  ever  watcliful  and 
soffgestive  when  difficulties  arose,  and  contributed  his  share  to  the  success 
ot"  the  uiuicrtaking.  In  this  niauiu  r  he  exercised  an  important  iiilliu  iice, 
and  his  loss  will  be  keenly  felt  wherever  new  and  difficult  mechanical 
operations  are  attempted. 

We  thus  find  that  Mr.  A})pol(l  was  the  author  of  inventions  of  grcnt 
originality  in  Yarious  departments  of  practical  science.  It  is  inti  rt  st- 
iiig  to  know  tlie  nianuer  in  which  he  applied  his  mind  for  that  purpose 
It  was  his  habit  when  a  difficulty  arose,  carefully  to  consider  the  exact 
result  he  re(iuired,  and  having  satisfied  himself  upon  that  poitit,  he  would 
direct  his  attention  to  the  simplest  mode  by  which  the  end  ( ould  bo  at- 
tained. With  that  view  he  would  during  the  day  bi  lug  together  iii  his  mind 
all  the  facts  and  principles  relating  to  the  ca<e,  and  the  solution  of  the  problem 
nfiiallv  occurred  to  him  in  the  early  nionhng  after  sleep.  If  the  matter 
^as  ditfic'ilt.  he  would  be  restless  and  uneasy  during  the  ni[rht ;  but  after 
rffjose,  when  tlie  brain  had  recovered  from  fatigue,  and  wiien  in  the  quiet 
of  ihp  earlv  Tnuniiiig  no  external  influences  distracted  his  attention,  the 
resultant  of  ail  known  scieutihc  prmciples  bearing  upou  the  question  pre« 
fcnted  itself  to  his  mind. 

Mr.  Ap})old's  inventions  were  essentially  practical.  They  were  not  mere 
proposals  or  paper  inventions ;  and  he  ever  showed  that  he  was  a  man  of 
action  in  bringing  into  successful  operation  lus  various  designs.  Great, 
however,  as  were  his  powers  of  thoughtful  invention  he  was  not  distinguished 
in  the  study  of  the  higher  relations  of  tlic  physical  forces,  and  he  left  to 
others  the  task  of  propounding  those  noble  gcnerahzations  of  modern  days 
which  hare  done  so  much  td  simplify  and  dignify  human  knowledge  i  but 
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he  affords  a  conspicaoiu  example,  in  his  own  line,  of  the  benefits  that  may 
be  eonferrcd  on  mankind  by  rightly  directed  thought,  even  when  unaided 
by  acquired  learning.  He  followed  the  rdigion  of  his  country,  without 
associating  himself  with  theological  controTersies ;  and  his  numerous  acta 
of  charity  and  benerolence  were  bestowed  with  the  utmost  care  that  tho 
giver  should  remain  unknown, 

Mr.  Appold  was  afflicted  with  a  painful  disease  for  the  last  few  years  of 
his  life,  which  he  bore  with  heroic  fortitude.  He  was  suddenly,  however, 
seised  with  intemsl  haemorrhage  at  Clifton,  when  he  met  his  death  with 
that  calm  resignation  which  marks  the  true  philosopher.  To  the  honour 
of  the  inhabitants  of  the  parish  in  which  he  lived,  a  monument  has  been 
erected  by  them  to  his  memory  in  the  Church  of  St.  Leonard,  Shoreditch. 

Uis  election  into  the  Ro;^'al  Society  took  place  ou  the  2nd  of  Juuc,  1853. 

Glouuk  Boole,  by  who«e  death  uiathcmaiical  science  lias  suffered  a 
great  loss,  was  born  at  Liniola  on  the  2nd  of  NovonihL  r,  181  His  father 
Was  a  tradesman  of  very  linuted  means,  but  held  in  hiorh  esteem  by  those 
who  knew  hiiu.  Having  nothini^  to  sujiport  liis  family  but  liis  daily  toil, 
it  was  not  to  be  expected  that  he  could  expend  much  on  the  education  of 
his  children ;  yet  they  were  not  nei^lected.  Eciu^  liiinsclf  a  man  of 
thoughtful  and  studious  habits,  possessed  of  an  active  and  iu^;cnious  mind, 
and  attached  to  the  pursuit  of  science,  particularly  of  mathematics,  he 
sought  to  imbue  hia  children  with  a  love  of  Icarniu:;,  and  employed  liis 
leisure  hour;?  \'a  imparting  to  them  the  elements  of  education.  His  son 
Grorzc  was  f-ent  tirst  to  the  National  Scliool,  and  afterwards  to  a  private 
Cornrncreial  School,  conducted  by  the  late  Mr.  Thomas  Baiiibridge, 
Lincoln.  From  his  father  he  received  liis  principal  instruction  in  the 
rudiments  of  mathematics,  and  from  him  also  he  inherited  a  taste  for  the 
construction  and  adaptation  of  optical  instruments.  It  was  not,  however, 
until  a  comparatively  late  period  of  his  earlier  studies  (hat  his  special  apti- 
tude for  mathematical  Investigations  developed  itseU\  His  earlier  ambition 
seems  to  hare  pointed  to  the  attainment  of  proficiency  in  the  ancient 
classical  languages ;  but  his  father  being  unable  to  assist  him  in  over- 
coming the  first  difficulties  of  this  course  of  studv,  he  was  indebted  to  a 
.  neighbouring  bookseller  (^Mr.  AVilliam  Brooke)  for  instruction  in  the  ele- 
ments of  Latin  grammar.  To  the  study  of  Latin  he  soon  added  that  of 
Greek,  without  any  external  assistance^  and  for  some  years  he  devoured 
every  Greek  and  Latin  author  that  came  within  his  reach. 

At  the  age  of  sixteen  he  became  an  assistant  in  a  school  at  Doncaster ; 
subsequently  he  occupied  a  similar  post  at  Waddington»  a  rillage  about 
four  miles  from  Lincoln.  In  these  situations,  besides  prosecuUng  his 
studies  in  the  ancient  classics,  he  cnltirated  an  acquaintance  with  the  best 
Englbh  authors,  and  began  to  read  the  German,  French,  and  Italian 
languages,  in  all  of  which  he  ultimately  attained  singular  proficienOy. 


Digrtized  by  Google 


Til 

Two  of  bu  latest  natheinatioil  eauys  were  writteoj  one  in  German,  and 
the  other  in  Fkeiusb.  Ab  he  had  at  this  time  a  great  wish  to  take  orders 
m  the  choieh,  he  applied  himself  for  two  years  to  the  study  of  patristic 
literature  by  vay  of  preparation  for  the  regnhr  theologieal  course.  But 
the  drcnmstanoes  of  his  parents  wid  some  other  difficulties  hiiuk  rcil  tlio 
accomplishment  of  this  design.  In  his  twentieth  year  he  decickd  on  open- 
ing a  school  on  his  own  aoeonnt  in  his  native  city.  Ileuceforward  mathe« 
xnatica  became  his  special  study. 

His  earliest  ]>aper8,  written,  as  ho  hirnseU'  incidentally  mentions,  toward 
the  close  of  the  year  1838,  wove  prcpaivd  during  his  perusal  of  the 
*  Mtcanique  Analytique,'  in  the  form  of  "  Notes  on  Lagrange."  From  tlicFe 
notes  in  the  following  year  he  made  selections,  and  wrote  out  what 
appears  to  hnro  been  his  first  paper  (though  not  the  first  publitshed), 
entitled  "  On  certain  Theorems  in  the  Calculus  of  Variations,"  wherein  he 
proposed  vf^rious  improvements  on  methods  of  investii^ation  employed  by 
the  illustrious  French  analyst.    About  the  s;iine  time  his  attention  waa 
attracted  to  the  transformation  of  homogeneous  fimctions  by  linear  sub- 
stitution?, a  problem  which  occupies  a  very  con<:piri'ous  jilacc  in  the 
writings  of  Lagrange,  and  which  had  al^-o  employed  tlio  powers  of  Laplace, 
Lebe5fpie,  Jarohi,  and  other  distinguislied  mi^finental  mathematicians. 
The  manner  in  which  Boole  dealt  with  tliis  iinportant  problem  showed  him 
at  once  to  be  a  man  of  most  original  and  independent  thouglit,  and  in  the 
coarse  of  his  investigations  he  was  led  to  discoveries  which  may  be  reparded 
as  the  foundation  of  what  has  been  called  the  Modern  Higher  Algebra. 
His  first  published  paper  relate?  to  this  subject ;  and  although  he  after- 
wards greatly  improved  nnd  extended  his  method  of  analysis,  yet  his 
eriginal  memoir,  entitled  •*  Researches  on  the  Theory  of  Analytical  Trans- 
formations, with  a  Special  Application  to  the  Reduction  of  the  General 
£qiiation  of  the  Second  Order,'*  is  interesting  as  showing  how  the  subject 
first  struck  his  mind.    This  memoir  he  communicated  in  1839  to  the 
Cambridge  Mathematical  JonmaL    Other  papers  in  rapid  succession 
followed.  The  generous  assistance  of  the  editor,  the  late  Mr.  Duncan  F. 
Gregory,  in  correcting  the  imperfections  of  style  which  naturally  resulted 
from  his  want  of  proper  early  training,  Boole  remembered  with  pleasure 
end  thankfulness  to  the  end  of  his  life.  His  rising  reputation  led  his  friends 
tD  wish  that  he  should  enter  himself  at  Cambridge.   This  project  also 
be  abandoned^  and  he  continued  to  work  amidst  the  interruptions  and 
anxieties  incident  to  the  occupation  of  a  schoolmaster.  While  applying 
the  doctrine  of  the  separation  of  symbols  to  the  solution  of  differential 
eqnaHons  with  Tariable  coeffidents,  Mr.  Boole  was  led  to  demise  a  general 
method  in  analyeis.   The  work  was  too  elaborate  and  weighty  for  the 
mathematical  journal ;  and  he  therefore,  by  the  advice  of  Mr,  Gregory, 
communicated  a  paper  on  the  subject  to  this  Society.   For  this  paper, 
which  was  printed  in  the  Transactions  for  1844,  he  received  the  Royal  MedaL 
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la  the  cottTse  of  these  speculatious,  and  others  of  n  like  nature  which 
grew  out  of  them,  Mr.  Boole  was  led  to  consider  the  possibility  of  con- 
structing a  calcolos  of  dedactive  reasoning.  The  severe  discipline  of  his 
efforts  to  extend  the  powers  of  the  analysis  had  given  him  not  only  a  com- 
plete mastery  over  its  mechanical  processes,  bnt  also,  what  was  of  far 
greater  advantagt,  a  profound  insight  into  its  logical  principles*  In  tracing 
out  those  principles  he  discoveced  that  they  admitted  of  an  application  to 
other  objects  of  thought  than  number  and  quantity ;  he  found,  in  fact, 
that  lo^cal  symbols  in  general  conform  to  the  same  fundamental  laws 
which  govern  the  symbols  of  algebra  in  particular,  while  they  arc  subject 
also  to  a  certain  special  law.  This  discovery  suggested  a  variety  of  in* 
qiuries  which  he  seems  at  different  periods  to  have  pnisned,  but  without 
any  intention  of  publishing  bis  views  on  the  subject.  In  the  spring  of  the 
year  1847»  however,  his  attentbn  was  drawn  to  the  question  then  moved  be- 
tween Sir  W.  Hamilton  of  Edinburgh  and  Professor  Pe  Morgan,  and  he  "was 
induced  by  the  interest  which  it  inspired,  to  resume  the  almost  forgotten 
thread  of  former  inquiries."  His  views  were  embodied  in  a  remarkable  essay, 
entitled  **  The  Mathematical  Analysis  of  Logic,"  which  in  the  autumn  of 
the  year  was  put  on  sale  in  Cambridge  and  London.  Early  in  (he  follow- 
ing year  (1848)  he  communicated  to  the  Cambridge  and  Dublin  Mathe- 
uialical  Journal  a  paper  on  the  ••Calculus  of  Logic,  "  m  which,  after 
premisiu;^  the  notation  and  fundamental  positions  of  Iiis  essay,  he  (jnve 
some  further  developments  of  liis  system.  From  this  time  forward  lie 
applied  himself  diligently  to  a  course  of  study  and  rctlcctiou  on  psycholo- 
gical subjects,  with  a  view  to  the  production  of  a  much  more  elaborate  and 
exhaustive  work  than  either  of  those  above  named,  lie  felt  that  the 
inquiry  was  one  of  great  importance,  and  that  in  labouring  to  perfect  his 
theory  he  was  rendering  essential  service  to  science.  He  meditated  doejilv 
on  tlie  nature  and  cousuiution  of  the  human  intellect.  The  most  enutieuL 
authorities,  both  ancient  and  modern,  were  consulted;  opinions  differing 
widely  from  each  other,  and  often  wholly  oj)posed  to  his  own,  were  care- 
fully considered  ;  and  whatever  was  likely  to  help  him  in  the  great  work 
which  he  had  undertaken,  was  eagerly  sousrht.  IVlental  science  became 
his  study  ;  mathematics  were  his  recreation.  So  he  has  been  heard  to 
sny  ;  and  yet  it  is  a  remarkable  fact,  and  one  which  serves  to  show  tUo 
great  power  and  genius  of  the  man,  that  his  most  vnhiable  and  imj)ortaut 
mathematical  \>orks  were  produced  after  he  had  commenced  his  psydio« 
logical  investigations. 

In  1849  he  was  appointed  to  the  Mathematical  Chair  hi  the  newly  formed 
Queen's  College  at  Cork  ;  and  when  the  Queen's  Colleges  of  Belfast, 
Galway,  and  Cork  were  united  so  as  to  form  the  Queen's  University  of 
Ireland,  he  was  chosen  one  of  the  public  examiners  for  degrees.  These 
offices  he  filled  with  the  highest  reputation.  In  1852  the  Uuiversity  of 
Dublin  conferred  upon  him  the  honorary  title  of  LL.D.j  in  company  with 
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the  late  Judge  Hargrcavc,  "in  connderatiiui  of  their  emiuent  services  in 
the  adTancement  of  mathenatieal  Bcienee."  I^ite  in  the  year  I  S.Ki  Dr. 
Boole  brought  to  its  doie  a  labour  od  which  he  had  bestowed  a  va&t 
tmoontof  profound  and  patient  tbought.  His  **  Mathematiral  Auahsis 
of  Logpe  was  written  bastOy,  and  on  this  account  he  aiu  rwaids  rcj^rettccl 
its  pnblieation;  but  the  work  which  he  now  gave  to  the  world  nnist  be 
r^arded  as  the  most  carefully  matured  of  all  liis  productions.  It  is 
entitled  "An  Investigation  of  the  Laws  of  Tliouglit,  on  winch  arc  founded 
the  Mathematical  Theories  of  Logic  and  Probabilities.'*  'i  hc  principle  cii 
which  the  investigation  proceeds  is  essentially  the  same  as  that  enunciated 
by  the  author  in  his  earlier  lo^'ical  essays  ;  but,  a*?  be  himself  remarks,  "its 
methods  are  more  general,  and  its  range  ot  applications  far  wider."  Thin 
great  work  was  published  in  IS.VI. 

Daring  the  remaining  ten  years  of  his  life  he  contributed  to  various 
scieuuhc  jouraaL,  papers  on  Probabilites,  on  i'urtial  Ditrerential  E(pi;itions, 
on  the  Comparison  of  Transcendents,  and  on  other  high  maihcniatieal  sub- 
jects. He  also  produced  two  text-books,  one  on  'Differential  E(juatif.ns,' 
and  one  on  'Finite  Differences' — works  which  disjday  a  vast  ai[;f)unt  of 
original  rescai  eli  as  well  as  an  extensive  acquaintance  with  the  writings  of 
others.    These  have  become  class-books  at  Cambridge. 

In  1855  Dr.  Jioulc  was  nmi  ried  to  Miss  Mary  Everofst,  daughter  of  tlic 
Lite  Rev.  T.  R.  Everest,  Rector  of  Wickwar,  Gloucestershire,  and  uiece  of 
Colonel  Sir  George  Everest,  F.R  S.,  lately  deceased,  as  alsD  of  Dr.  Ryall, 
the  Vice-President  and  Professor  of  Greek  in  Queen's  (■ollege,  Cork. 
11  ic  union  was  one  of  great  mutual  happiness,  and  was  blessed  with  a 
family  of  live  daughters. 

In  185"  Dr.  Boole  communicated  to  the  Royal  Society  of  Ediid)urgb  a 
memoir  "On  the  A{)}>lication  of  the  Tlieory  of  Probabilities  to  the  Ques- 
tion of  the  Combination  of  Testimonies  or  Judgments."  For  this  purpose 
there  was  awarded  to  him  the  Keith  ^Icdal,  the  highest  honour  in  the 
slnne  of  prize  which  that  Society  has  at  its  disposal.  Tn  June  of  the  samo 
rear  he  was  elected  a  Fellow  of  this  Society.  At  the  Ox.ford  Commemo- 
ration in  IS'>9  he  received  the  honorarv  dcirree  of  D.C.L. 

Soon  after  the  publication  of  his  Treatise  on  Differential  l">inatinns. 
Professor  Boole  resolved  that  if  a  new  edition  of  the  work  should  be  called 
for  he  would  reconstruct  it  on  a  more  extended  scale.  For  several  suc- 
ceeding years  his  studies  and  researches  were  largely  inspired  and  directed 
by  this  object,  which,  howerer,  he  did  not  live  to  accomplish.  The  trea- 
tise had  heen  for  some  time  out  of  print,  and  he  was  engaged  in  preparing 
a  new  and  enlarged  edition  when  he  was  saddenly  struck  hy  the  hand  of 
death. 

lie  had  walked  from  his  residence  at  Ballintemple  to  the  College  in 
Cork,  a  distance  of  little  more  than  two  miles,  in  a  drenching  rain,  and 
ketued  in  his  wet  clothes.  The  result  was  a  fererish  eold,  which  soon 
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fell  upon  his  langs  and  terminated  fatally.  He  died  on  the  8th  of  Decern- 
ber,  1864. 

Dr.  Boole  was  a  man  of  great  goodness  of  heart.  By  those  who  knew 
him  intimately  he  was  regarded  with  a  feeling  akin  to  reverence.  "Apart 
from  his  intellectual  superiority,"  says  one  of  his  colleagues,  "  there  was 
shed  around  him  an  atmosphere  of  purity  and  moral  elevation,  which  was 
felt  hy  all  who  were  admitted  within  its  influence*  And  over  all  his  gifta 
and  grsces  there  was  thrown  the  charm  of  a  true  humility,  and  an  apparent 
total  unconsciousness  of  his  own  worth  and  wisdom." 

Many  illustrations  might  be  given  of  the  versatility  of  Boole's  talent,  his 
love  of  poetry  and  music,  his  fine  appreciation  of  the  beauties  of  external 
nature,  his  profound  reverence  for  truth,  especially  religious  truth,  and 
many  other  qualities  of  his  intellect  and  heart  which  have  not  been  so  much 
as  touched  upon ;  but  the  limits  within  which  it  is  proper  that  this  sketch 
should  be  contained  forbid  any  elaborate  estimate  of  his  character. 

Boole's  mathematical  researches  have  exercised  a  very  considerable  in- 
fluence upon  (lie  study  of  the  higher  branches  of  the  analysis,  especially 
in  tills  country.  They  have  stimulated  niul  directed  the  efforts  of  otlier 
investigators  to  an  extent  that  is  not  jurhaps  generally  known.  Out  of 
his  theory  of  linear  tran&fui  nintions  has  c^rown  the  more  gciu  imI  theory  of 
covaiiants  (due  tn  Professor  Cayley  ),  with  all  its  important  ucoriiLtrical  and 
other  applications.  By  his  invention  of  an  ali;rl-ra  of  non-eomnnitative 
symbols,  a  great  inipulsc  hua  been  given  to  the  cultivation  of  the  calculus 
of  operations.  IFis  p^enoral  method  in  analysis  is  tlie  most  powerful  in- 
Btrument  which  we  pusacss  for  the  integration  of  differential  equations, 
whether  total  or  partial.  To  Sir  John  ner>eliel  is  due  the  high  praise  of 
having  first  aj)plied  tlio  method  of  the  FCjiaration  of  symbols  1o  the  solution 
of  linear  differential  ccpiations  with  con-taut  cocflicienls.  But  it  was  re- 
served for  Duncan  F.  (u-egory  and  Boiilt- to  srt  the  logical  principles  of  that 
method  in  a  clear  anel  satisfactory  light  ;  and  to  Boole  alone  belongs  the 
honour  of  having  extended  the  theory  to  the  solution  of  equal  ions  with 
variable  coclhcicnts.  Tlis  principal  discoveries  in  this  department  will  be 
found  in  his  'Differential  Equations,*  and  the  Supplementary  volume 
(edited  by  Mr.  Isaac  Todhunter),  works  which  though  primarily  intended 
for  elementary  instruction,  may  be  read  with  advantage  by  the  advanced 
mathematical  student.  Other  original  investigations  will  be  found  in  the 
same  volnmcs,  and  more  especially  in  those  parts  which  relate  to  Briccati's 
equation,  to  integrating  factors,  to  singular  solutions,  to  the  inverse  pro> 
blems  of  geometry  and  optics,  to  partial  differential  equations!,  and  to 
the  projection  of  a  surface  on  a  plane. 

The  calculus  of  logic,  upon  the  invention  of  which  Boole's  fame  as  a 
philosophical  mathematician  may  be  permitted  to  rest,  is  most  fully  deve- 
loped in  bis  <  Investigation  of  the  Laws  of  Thought.*  The  design  of  this 
work  is — ^to  use  the  author^s  own  words— ''to  investigate  the  fundamental 
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]«w8  of  those  operations  of  the  mind  by  which  reasoning  is  jicrforiiitd ;  to 
fpre  exprasioD  to  them  in  the  symbdical  language  of  a  Calculus,  and  ii])oii 
this  foondattott  to  establish  the  science  of  logic,  and  construct  its  tiit-ilKHi ' 
to  make  that  method  itself  the  basis  of  a  general  method  for  the  aj>pUca. 
iion  of  the  mathematical  doctrine  of  Probabilities ;  and,  finally,  to  collect 
fiom  the  varioos  elements  of  truth,  bronght  to  view  in  the  course  of  tlicse 
ioqairieey  some  probable  intimations  concerning  the  nature  and  cou&titutioa 
of  the  hwnan  mind." 

Boole  has  left  behind  him  a  considerable  fjunntity  of  luj^ical  manu- 
scripts ;  these  "will  perhaps  be  published  cither  in  a  separate  form  or  in 
anew  edition  of  the  'Laws  of  Thought.*  His  works  arc  his  noblest  mo- 
imment,  but  his  friends  and  achnirers  have  raised  other  niciiiorials.  Of 
these  we  may  nuntioii  in  ]kii  ticuhu,  a  memorial  window  in  the  Cathedral 
at  Lincoln,  and  another  in  the  College  Hall  at  Cork. 

The  following  is  a  list  of  Professor  Boole's  papers  printed  in  the  Philo- 
sophical TTansactions.  "On  a  General  Method  in  Analysis,"  18  11,  pp. 
22j-->:2.  *'On  the  Coiuparison  of  Transcendents,  with  certain  njtjilica- 
tions  to  the  Theory  of  Definite  Litegruls,"  1857,  pp.  7-15-803.  ''On  the 
Theory  of  Probabilities,"  1862,  pp.  225-252.  "On  Sinndfancous  Dif- 
ferential K([uation3  of  the  First  Order  in  which  the  Number  of  the  Variables 
exceed-  I  y  more  than  one  the  Nnnibcr  of  the  Equations,"  18G2,  pp.  437- 
454.  (  )A  the  Differential  Ecpiatio;;s  of  Dynamics.  A  Sequel  to  a  paper 
on  Simultaneous  Differential  Equations,"  18fi.'5,  ])p.  dH.V.lOI.  "On  the 
Differential  Equations  which  determine  the  form  of  the  iloots  of  Algebraic 
Kcjuations,"  18C4,  pp.  733-/55. 

Samuli.  Hunter  Chhistie  was  born  in  London  on  the  22nd  of 
March,  \  7^4,  and  at  a  rery  early  n«:^p  showed  the  talent  for  mathematical 
p!ir«nits  which  afterward^  so  liigldy  distinguished  him.  He  was  entered 
at  Trinity  College,  Cambridge,  in  ISOl,  and,  in  his  third  year,  obtained 
a  scholarship.  In  180.")  he  took  his  tlegree  of  Paehelor  of  Arts  as  Second 
\Vrangler,  having:  a  «nvrre  struggle  with  Turton  (afterwards  Bishop  of 
Ely^  for  the  "Blue  Riband"  of  the  University,  and  being  bracketed  with 
him  as  Smith's-prizenian.  In  1806  Mr.  Christie  was  appointed  Third 
Mathematical  Master  at  the  lioyal  Military  Academy  at  Woolwich,  and 
immediately  devoted  himself  to  the  improvement  of  the  mathematical 
itudies  at  that  College,  and  persevered  in  the  work  with  much  success, 
during  his  lengthened  career  of  forty-eight  years  in  the  public  service. 
Id  1812  he  established  the  systein  of  competitive  esamiiiations,  but  was 
imable  Iblljr  to  carry  out  his  views  in  this  and  in  other  respects  until  his 
•dvancement  to  the  post  of  Professor  of  Mathematics  in  IS'^S.  It  iB  not 
too  much  to  say  that  no  two  educational  institutions  could  present  a 
stronger  contrast  than  the  Royal  Military  Academy  in  1806,  and  the  same 
CoUege  in  1854  when  Mr.  Christie  resigned  the  Professor's  Chair ;  and  this 
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rlmngc  wns  in  great  measure  clue  to  bis  uuflaggiog  advocacy  of  au 

improved  system. 

It  is,  howt  vc  r,  in  Mr.  Christie's  kbourf?  ns  one  of  our  more  distinguislied 
Fellows  that  the  Society  is  principally  interested.  Our  Transnctions  arc 
enriched  with  a  number  of  papers  from  his  hand,  and  he  took  an  important 
?hare  in  promoting  the  irreat  advance  in  both  theoretical  and  experimental 
'  knowledge  of  magnetical  science,  wliich  received  its  imi)n]se  from  the  obser- 
vations made  during  the  Arctic  voyages  in  181 H  and  1819.  The  leading 
idea  which  runi  through  Mr.  Christie's  theoretical  discussions  of  his 
Tarious  experimental  rc?nlts,  he  fir«t  stated  as  an  hypothetical  law  in  a 
paper  pubiished  in  the  Cambridge  Philosophical  Transactions  for 
In  a  paper  read  before  the  Royal  Society  in  June  1824,  he  gave  an  ac- 
count of  some  of  his  experiments  for  the  determination  of  the  effects 
of  temperature  upon  magnetic  forces,  and  established  a  correction  for 
temperature  in  the  experimental  determination  of  the  magnetic  intcu- 
sitj,  which  had  been  previously  overlooked.  Mr.  Christie  was  the  first 
to  observe  the  effect  of  the  slow  rotation  of  iron  in  producing  magnetic 
polarity,'and,  at  his  suggestion,  the  very  interesting  series  of  experiments 
which  he  originated^  and  which  are  given  in  detail  in  a  paper  published 
in  the  Philosophical  Transactions  for  1825>  were  repeated  bjr  Lieutenant 
Foster^  during  the  expedition  to  the  north-west  coast  of  America  in 
1824,  under  Captain  Parry,  with  results  even  more  striking  than  his  own» 
owing  to  the  diminished  horizontal  component  of  the  magnetic  force* 

In  1833  a  paper  hy  Mr.  Christie  upon  the  magneto-electric  conduction 
of  various  metals  was  selected  by  the  Council  of  the  Royal  Society  as  the 
Bakerian  Lecture  for  the  year.  In  this  paper  he  shows,  both  experimentally 
and  theoretically,  that  the  conducting  power  of  the  sereral  metals  varies 
inversely  as  the  length,  and  directly  as  the  square  of  the  diameter  of  the 
conducting  wire,  thus  obeying  the  same  law  as  that  preriously  discovered 
by  Sir  Humphry  Davy  and  Professor  Cummiog,  in  the  cases  of  voltaic  and 
thermo-electricity ;  although  his  conclusion  as  to  a  diflTerence  in  the  order 
of  their  conducting  powers  could  not  now  be  maintained  His  impor- 
tant remark  in  this  paper — that  magneto-electricity  cannot  be  developed 
at  the  same  instant  in  every  part  of  a  system,  and  ihai  the  atHon 
on  the  remote  parts  of  the  wire  cannot  be  abtolutefy  eimultaneous  with 
that  on  the  parts  in  the  immediate  neighbourhood  of  the  magnet — 
appears  to  have  been  almost  prophetic,  now  that  we  are  able  to  submit 
this  vast  velocity  to  a  definite  measnreineut,  by  timing  the  transmission  of 
eftVet  throngh  a  jonrney  of  three  thousand  miles. 

The  effect  of  tlie  solar  rays  upon  the  magnetic  needleveryearly  engaged  Mr, 
Christie's  attention,  and  he  showed,  by  a  series  of  experimenti*  detailed  iu 
papers  puLlij-hcd  in  the  Philosophical  1  ran.^actions  for  1826  and  1828,  that 
thedirecteffect  of  the  solar  rays  is  detinite  and  not  due  to  anyraere  calorific  ni- 
fluence.  Ue  then  also  threw  out  the  suggestion  that  terrestrial  magnetism  is 
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pruhabiy  derived  from  ?(iK-\v  iiillucnco.  On  tliis  idea  Ito  in'^tituteJ  a  scries  of 
experiments  to  deteniiinc  whether  a  source  of  heat  ai)plied  to  two  Bubstnnccs 
of  different  couductiug  powers  in  uniform  contact,  Hkc  the  earth  and  the 
atmo>phcre,  would  produce  phenomena  corresponding  to  the  diurnal 
rariation,  as  the  source  ct  heat  was  apphed  succes'^ivLly  to  difTercnt  parts  of 
the  combined  «!vstem.  Tlie  results  he  obtained  were  in  accordance  witli 
this  supposition,  but  of  coiif^e  their  validity  ns  evidence  is  subject  to  the 
qnestinri  of  how  far  the  actual  conditions  of  the  earth  were  trnly  repre* 
Rented  in  the  ingenious  experimental  cunibination  which  he  adoj)ted. 

Afr.  Christie  appears  to  have  been  the  first  to  make  use  of  a  torsion 
balance  for  the  determination  of  the  equivalents  of  magnetic  forces  ;  he  also 
devoted  himself  to  the  improvement  of  the  construction  of  both  the  hori- 
zontal needle  and  the  dipping-needle  j  and  he  served  constantly  upon  the 
"  Compass  Committee  formed  to  assist  the  Admiralty  in  bringing  the 
Compasses  of  the  Royal  Navy  into  gome  accordance  with  the  advanced 
knowledge  of  the  day. 

In  the  Report  of  the  British  Association  for  1833,  the  portion  which 
Ttfen  to  the  then  state  of  knowledge  of  the  magnetism  of  the  earth  was 
drawn  up  by  Mr.  Christie,  and  he  therein  again  maintained  that  not  only  the 
daily  vaiiation,  bat  also  the  quasi-polarity  of  the  earth  is  most  probably 
doeto  tbe  excitation  by  the  solar  beat,  of  electric  currents  at  right  ani^Ies,  or 
nearly  so,  to  the  meridian ;  and  he  suggests  that  the  direction  of  these 
mrrents  must  be  influenced  by  the  form,  extent,  and  direction  of  tlie 
continents  and  seas  over  which  they  pass,  and  also  by  the  height,  direction, 
snd  jreological  structure  of  chains  of  mountains. 

The  Letter  of  Baron  Humboldt  in  1835toH.R.H.  the  Duke  of  Sussex, 
P.R.S.,  on  the  establishment  of  permanent  magnetic  obserratories  at  widely 
separated  stations  within  the  British  territories,  was  referred  by  1I.R.U. 
tbe  President,  to  Mr.  Christie  and  Mr.  Airy  to  report  upon.  Their  report 
was  read  to  the  Royal  Society  in  November  1 836  ;  and  upon  a  further 
report  to  the  same  effect  from  the  joint  Committee  of  Physics  and  Meteor- 
ology in  1838,  the  President  and  Conndl  made  a  representation  in  favour 
of  the  measiire  to  Her  Majesty's  Government  which  was  successful. 

In  eonnexion  with  Mr.  Ghristie*s  career  as  a  teacher,  it  may  be  mentioned 
that  be  was  the  author  of  an  '  Elemental*^  Course  of  Mathematics '  for 
use  in  the  Boyal  Military  Academy.  In  1837  Mr.  Christie  succeeded  Mr. 
Children  as  one  of  the  Secretaries  of  the  Boyal  Society,  and  retained  that  * 
office  until  1854,  when  he  went  to  reside  at  Lausanne  upon  his  retirement 
from  the  post  of  Professor  of  Mathematics  at  the  Royal  Military  Academy. 
He  was  one  of  the  Visitors  of  the  Royal  Observatory  a.t  Greenwich ;  a  Vice- 
President  of  the  Royal  Astronomical  Society ;  a  Corresponding  Member  of 
the  Academy  of  Sciences  of  Palermo,  and  a  member  of  the  Sod^t^  Phi« 
lomathi(|ine  of  Fans.  He  died  at  Twickenham,  where  he  had  resided  for 
some  year^,  on  the  24th  of  January,  1865,  having  nearly  completed  his 
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eigbtj-fiiBt  year.  The  date  of  hu  election  iuio  the  Society  is  Januaiy  \2, 
1826. 

The  science  of  Paleontology  has  sustained  a  great  loss  io  the  death  of 
Hugh  Falconer,  M.D.  Bom  at  Forres,  in  the  north  of  Scotland,  on 
the  29th  of  February,  1808,  he  received  his  early  education  at  the  Gram- 
mar school  of  that  town,  and  afterwards  studied  Arts  at  the  UniTer^ity 
of  King's  College,  Aberdeen,  and  Medicine  at  the  UniTeriity  of  Edinburgh. 
From  the  former  University  he  received  the  degree  of  A.M. ;  and  from 
the  latter,  in  1829,  the  degree  of  M.D. 

As  a  boy,  he  exhibited  a  decided  taste  for  the  study  of  natural  objects^ 
which  he  eagerly  followed  up  in  Edinburgh  under  the  systematic  tuition  of 
Professors  Graham  and  Jameson.  On  visiting  London  In  1829,  he  availed 
himself  of  the  opportunity  to  assist  the  late  Dr.  Nathaniel  Wallich  in  the 
distribution  of  hi.s  ^ri  cat  Indian  herbarium,  and  to  stiulv  the  collection  of 
Indifin  fossil  mammalia  from  the  banks  of  the  IrrawaJdi,  formed  by  Mr. 
Jo;i;i  Crawt'urd  during  his  mission  to  Ava,  and  presented  by  him  to  the 
Goulotrical  iSocietv.  Ootli  occupations  virovcd  ot'  rnatrrial  service  in  his 
suhsccjucnt  career,  and  in  the  latter  instance  it  deteruaued  the  labuura  to 
which  he  afterwards  so  zcalou>ly  devoted  himself. 

In  1830  Dr.  Falconer  jiineeeded  to  India  as  an  Assistant-Surgeon  in  the 
H.E.I.C.  Service,  and  arrived  in  Calcutta  in  September  uf  that  year. 
Here  he  at  once  undertook  an  examination  of  fossil  bones  from  Ara,  in 
the  j)o=scssion  of  the  Asiatic  Society  of  Bengal,  and  published  a  descrip- 
tion of  them,  ulncU  at  once  gave  him  a  recognized  position  in  the  roll  of 
cultivators  of  science  in  India,  and  led  to  his  being  appointed  in  1832  to 
siircced  Dr.  Royle  as  Superintendent  of  the  liotanic  Gardens  of  Suha- 
runpoor,  in  the  North-\vi  >tern  Provinces. 

In  the  same  year  (IS.') 'J)  ]ic  made  an  excursion  fo  the  Sub-llinialayan 
range,  and  from  the  indication  of  a  specimen  in  the  collection  of  his  friend 
and  colleague.  Captain,  now  Sir  Proby  T.  Cautley,  the  real  nature  of 
which  had  been  })reviously  overlooked,  he  was  led  to  discover  vertebrate 
fossil  remains  in  situ  in  the  tertiary  strata  of  the  Sewalik  Hills.  The 
search  was  speedily  followed  up  with  characteristic  energy  by  Captain  • 
Cautley  in  the  Kalowala  Pas^  by  means  of  blasting,  and  resulted  in  the 
discovery  of  more  perfect  remains,  including  miocenc  mammalian  genera. 
The  finding,  therefore,  of  the  fossil  fauna  of  the  Sewalik  Hills  was  not 
fortuitous,  but  a  result  led  up  to  by  researches  suggested  by  previous 
special  study,  and  followed  out  with  a  definite  aim.  Early  in  1831  Dr. 
Falconer  gave  a  brief  account  of  the  Sewalik  Hills,  describing  their  phy- 
sical features  and  geological  structure,  and  showing  their  relation  to  the 
Uimalayahs  (Journ,  Asiat.  Soc.  of  Bengal,  vol.  iii.  p.  182).  The  name 
"Sewalik''  had  been  vaguely  applied  before  then  by  Rennell  and  others 
to  the  outer  ridges  of  the  true  Himalayahs,  and  the  lower  elevations  towarda 
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the  plaini.  Dr.  Falconer  mtrusted  the  term  fieBxdUHj  to  the  flanlung 
tertiary  range,  which  ia  commonlj  aeparated  from  the  Himalayahs  by  valleys 
or  Doom,  The  proposed  name  waa  not  fayourablj  received  at  the  time 
by  geographical  authorittea  in  India ;  but  it  u  now  universallj  adopted  in 
geography  and  geology-  as  a  convenient  and  well-founded  designation.  On 
hia  fint  viait  to  the  Sewalik  Hills,  Dr.  Falconer  concluded  that  they  did 
not  belong  to  the  '*  New  Red  Sandstone/'  to  which  they  had  been  referred 
by  Captain  Herbert,  but  that  they  were  of  a  tertiary  age,  and  analogona  to 
the  MoUu9e  of  Switzerknd.  Thirty  years  of  subsequent  investigation  by 
other  geologists  have  not  altered  that  determination,  although  our  exact 
knowledge  of  the  formation  has  been  greatly  extended. 

The  researches  thus  begun  were  followed  about  the  end  of  1831  by  the 
discovery  by  Lieotenauts  Baker  and  Darand  of  the  great  o>>iferous  deposit 
of  the  Sewaliks,  near  the  valley  of  the  Markunda,  westward  of  the  Juuiuu, 
and  below  Xahun.  Captain  Cautlvy  and  Dr.  Falconer  were  immediately 
in  the  luM,  and  by  the  joint  labours  of  these  foar  oilicers  a  subtropical 
iiiauiii.  i.,,!:,  lus-?il  luuna  was  brought  to  light,  unexampled  for  richiicss  and 
tittut  Ilk  ^uy  other  region  then  known.  It  iiKludcd  the  earliest  disco\i  red 
fossil  (luuflruntana  * y  an  extraordinary  number  of  Proboscidta  helougiug 
to  Mas(o(/on,  Slryodoii,  and  Elcphus  ;  several  extlnet  species  of  Rhinoceros  \ 
Ckalieoiheriuin  \  two  new  subgtiicra  Ilijqjojjo'K'iitus,  \iz.  Jfcxiiprtjiodon 
and  Merijcopotamus  ;  several  species  of  Sus  and  lUppoht/us,  and  of  Equua 
and  Hijipotherium  ;  the  eolo.-sal  ruminant  Sfvat/ierium,  together  with  fossil 
species  of  Caiutl,  O'iraJ/'c,  Ct-n-iis,  Jnfi'ope,  Caprdy  and  new  types  of 
Boviihe  ;  Canilcora  beicnging  to  the  new  genera  Sivalarcios  and  Enhy- 
drtodouj  and  also  MacAairodus,  Felis,  HycenOy  Canis,  Gulo,  Lutray  kc, ; 
among  the  Aves,  species  of  Ostrich,  Cranes,  &c.  Among  the  Repiilia, 
Momtors,  and  Crocodiles,  of  living  and  extinct  species,  the  enormous 
torUiiae,  Colossochelys  Atlas,  with  numerous  species  of  Emys  and  Trumym  i 
&nd  among  fossil  Fish,  Cyprimda  and  Silurida*  The  general  facies  of 
the  extinct  fauna  exhibited  a  congregation  of  forms  participating  in  £uro« 
pean,  African,  and  Asiatic  types.  Thrown  suddenly  upon  such  rich  mate- 
rills,  the  ordinary  means  resorted  to  by  men  of  science  for  determining 
them  by  comparison  were  wanting..  Of  palocontological  works  or  oateo* 
logical  coliectiona  in  that  remote  quarter  of  India  there  were  none*  But 
falconer  was  not  the  man  to  be  battled  by  such  discouragements.  He 
appealed  to  ihe  living  forms  abounding  in  the  aurrounding  forests,  rivers, 
and  Bwampa  to  supply  the  want.  Skeletons  of  all  kinds  were  prepared ; 
the  extinct  forma  were  compared  witli  their  nearest  living  analogues,  and 
a  series  of  memoirs  by  Dr.  Falconer  and  Captain  Cautley,  descriptive  of 

*  Br.  Fttlconcr'ti  iirst  published  memoir  on  ilio  Quadrumana  of  the  Sewalik  Hills 
vu  drtad  Novente  24lh,  1886,  and  it  was  not  until  Juxmuj  16th,  1887,  that  M. 
iMtct'f  memoir  on  tha  disoovery  of  the  jaw  of  an  Ape  in  the  tertiary  freshwater  fotm^ 
tka  of  Smocra  waa  presented  to  the  French  Aeadcmy  of  Sciences. 
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the  most  remarkable  of  the  newly  discovered  forms,  appeared  in  the 
*  Asiatic  Kcscarchcs,'  the  *  Journal  of  the  Asiatic  Society  of  15enp;al,'  aiul 
in  the  '  Geoh^gical  Transactions.'  The  Stwahk  explorations  soon  attraetetl 
notice  ia  Europe,  autl  in  1837  the  \\'ollaston  Medal,  in  duplicate,  uas 
awarded  for  their  discoveries  to  Dr.  raicuacr  nud  (Japt.  Cautley  by  the 
Geological  Society. 

In  is:il  a  Commission  was  appointed  by  the  Bengal  GoMiinnent  to 
inquire  into  and  report  on  the  fitnes.s  of  India  for  the  growth  of  the  tea- 
plant  of  China.  Acting  on  the  information  and  advice  supplied  by  Dr. 
Falconer  (Journ.  Asiat.  Soc.  of  Bengal,  1831,  iii.  p.  18'i),  the  Commission 
recommended  a  trial.  The  Government  adopted  the  recommendation ; 
the  })lants  were  inij)orted  from  China,  and  the  experimental  researches 
were  placed  under  raleoncr  s  superintendence  in  sites  selected  by  him. 
Tea  culture  has  since  then  greatly  extended  in  India,  and  the  tea  of 
Bengal  bids  fair  to  heeome  one  of  the  most  important  comaiercial  exports 
from  India,  as  Falconer  long  ago  predicted. 

In  1837  Dr.  Falconer  was  ordered  to  accompany  BurnesVs  sernnd 
mission  to  Caubul,  which  procedetl  t!ie  Aflfghan  war.  Proceeding  tirst 
westward  to  Kohat  and  the  lower  part  of  the  valley  of  Bunguish,  he  ex- 
amined the  Trans-Indus  portion  of  the  Salt-range,  and  then  made  for 
Cashmecr,  where  he  passed  the  winter  and  spring  in  examining  the  natural 
history  of  the  valley,  and  in  making  extensive  botanical  collections.  The 
following  summer  (1S38)  he  crossed  the  mountains  to  Iskardo,  iu  Bulkis- 
tau>  and  traced  the  Shiggar  branch  of  the  Indus  to  its  source  in  the 
gUcier,  on  the  southern  Hank  of  the  Mooztagh  range.  Having  examined 
the  great  glaciers  of  Arindoh  and  of  the  Brahldoh  valley,  he  then  returned 
to  India  vid  Cashmeer  and  the  Punjab^  towards  the  close  of  1838,  to  re- 
fiume  charge  of  his  duties  at  Suharunpoor.  Uis  report  of  this  expedition 
was  at  the  time  one  of  great  interest  ana  Importance. 

In  this,  as  in  many  other  scientific  expeditions.  Falconer* s  health  suffered 
greatljr  from  the  results  of  incessant  exposure ;  and  in  1812  he  was  com- 
pelled  to  return  to  Europe  on  sick  leave,  bringing  with  him  the  natural 
history  collections  amassed  by  him  during  ten  years  of  exploration  of  the 
Himalayahs,  of  the  plains  of  India,  and  of  the  valley  of  Cashmeer.  Thej 
amounted  to  eighty  cases  of  dried  plants,  and  about  fifty  large  cases  of 
fossil  bones,  together  with  geological  specimens,  illustratire  of  the  Hima- 
layan formations  from  the  Indus  to  the  Gogra,  and  from  the  plains  of  the 
Punjab  across  the  mountains  north  to  the  Mooztagh  range.  This  exten- 
sive collection  of  Indian  fossils,  together  with  the  still  lai^r  collection 
presented  by  Capt.  Cautley,  now  forms  one  of  the  distinguishing  charac- 
teristics in  the  Palnontological  Gallery  of  the  British  Museum. 

From  1843  to  1847  Falconer  remained  in  England.  lie  occupied  this 
time  in  publishing  numerous  memoirs  on  the  geology  and  fossil  remains  of 
the  Sewalik  Hills,  which  r.])]  c  ared  in  the  Transactions  of  the  Geological 
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Society,  and  in  the  Procceilings  of  the  Zoological  Society,  and  of  the 
Royal  Asiatic  Society.  He  also  communicated  several  important  jmpers 
on  botanical  subjects  to  the  Linnean  Society,  of  which  may  be  specially 
mentioned  that  on  Aucklandia  Costut,  the  Cashmeer  plant  which  yieldi 
the  Kostos  of  the  ancients ;  and  that  on  Nartkex  Jsaqfeetidie,  which  was 
the  first  determination  of  the  plant,  long  contested  among  botanists,  which 
yields  the  assafoctida  of  commerce.  He  had  found  it  growing  wild  in  the 
Talley  of  Astore,  one  of  the  affluents  of  the  Indoi. 

But  his  main  work  at  this  time  was  the  determination  and  illustration  of 
the  Indian  Fossil  collection  presented  by  Captain  Cantley  and  himself  to 
the  fihtieh  Museum  and  to  the  East  India  Company.    The  bulk  of  the 
■pecimcns  were  still  imbedded  in  matiix.  Sir  Bobert  Peel's  Goveninient 
gare  a  liberal  grant  to  prepare  the  materials  in  the  national  museum  for 
exhibition  in  the  Palaeontological  Galleij.  Faleoner  was  entrusted  with  the 
mperintendence  of  the  work,  and  rooms  were  aaaigned  to  him  by  the 
trusteca  in  the  British  Museum.    At  his  instance  and  under  his  superin^ 
tcndence  a  series  of  casts  of  the  most  reninrkable  of  the  Sewalik  fossils  was 
piepared  and  presented  by  the  Court  of  Directors  of  the  East  India  Com* 
pany  to  the  principal  museums  in  Europe*    Under  the  patronage  of  the 
Goremment  and  of  the  East  India  House  an  illustrated  work  was  also 
bioqgbt  onl^  entitled  "  Fauna  A  ntiqua  Sivalensis."    In  leas  than  three  years 
there  appeared  nine  parts  of  thb  work,  each  containing  twelve  folio  pUteSy 
executed  in  a  style  rarely  equalled  and  never  surpassed.   No  fewer  than 
1 123  specimens  are  figured  in  these  plates  ;  and  of  many  specimens  thfee^ 
four,  or  five  different  views  are  given.    Besides  the  Sewalik  fossils  proper, 
the  'Fauna  Antiqua'  includes  illustrations  of  a  very  valuable  and  important 
series  of  mammalian  remains  from  the  pUocene  deposits  of  the  valley  of  the 
Nerbudda,  together  with  illustrations  of  the  miocene  fauna  of  the  Irrawaddi, 
and  of  Fetim  Island  in  the  Gulf  of  Cambay.   The  letter-press  of  the  work 
did  not  kee  p  jircgrcss  with  the  plates ;  and  at  the  close  of  IQAT,  before  the 
arrears  could  be  brought  np^  Dr.  Falconer  was  unfortunately  compelled,  by 
the  expiration  of  his  leave,  to  return  to  India,  where  he  found  it  impossible 
to  continue  the  work  by  correspondence  at  a  distsnce  fVom  the  specimens. 
It  is  hoped,  however,  that  the  manuscript  notes  and  memoirs  which  he  has 
left  behind  will  form  a  complete  key  to  this  great  work  on  Indian  Pale- 
ontology. 

On  his  return  to  India  in  1848,  Dr.  Falconer  was  appointed  Superin- 
tendent of  the  Calcutta  Botanic  Garden,  and  Professor  of  Botany  in  the 
Medical  College.  In  1850  he  was  deputed  to  the  Tenasserim  Provinces  to 
examine  the  teak  forests,  which  were  Uireatenedwith  exhaustion  from  reck- 
loa  felling  and  neglected  conservation.  His  report,  suggesting  remedial 
mttanres,  was  puhlished  by  the  Bengal  Qovemment,  In  1852  he  published 
a  memoir  recommendmg  the  introduction  into  India  of  the  quinine-yielding 
Qnchooas,  and  indicating  the  hilly  regions  in  Bengal  and  the  Neilgherries 
in  Sonthera  India  as  the  most  promising  sitnattons  for  experimental  nur- 
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eerit'S.  Some  veara  afterwards  the  Cinchona  was  introduced  from  South 
America,  and  it  is  now  thriving  in  India.  In  185  I,  assisted  hy  his  friend 
the  late  Mr.  Henry  Walker,  he  undertook  a  'Descriptive  Catalogue  of  the 
Fossil  Collections  in  the  Museum  of  the  Asiatic  Societ?  of  Bengal,'  which 
was  published  as  a  distinct  work  in  1859,  In  the  spring  of  1855  he  retired 
from  the  Indian  service. 

On  his  return  to  England  he  resumed  his  pahcontological  researches,  and 
in  1857  he  communicated  to  the  Geological  Society  two  memoirs  "  On  the 
Species  of  Mastodon  and  Elephant  occurring  in  the  Fossil  state  in  England." 
Besides  attempting  to  discriminate  with  precision  the  three  British  fossil 
elephants*  till  then  confounded  under  the  name  of  Elepkaa  primigenius,  Dr. 
Falconer  produced  for  the  first  time  a  Synoptical  Table,  showing  the  serial 
affinities  of  all  the  species  of  Froboicidia,  fossil  and  liring,  then  known,  of 
the  former  of  which  a  large  number  had  been  either  discoyered  or  deter- 
mined by  himself.  In  the  same  year  he  published  an  aoeount  of  the  remark* 
able  Purbeck  mammalian  genus  '  Plagiaulaxt  discoyered  by  Mr.  Bcckles 
near  Swannge.  In  1 860  he  communicated  a  memoir  to  the  Geological  Society 
"On  the  Ossiferous  Caves  of  Gowcr,'*  explored  or  discovered  by  his  friend 
Lieut.-CoL  Wood.  The  existence  of  Elephas  antiquua  and  Rhinoceros  hemi- 
ioschtts  as  members  of  the  eaTe>fanna  was  then  for  the  first  time  establishedf 
and  the  age  of  that  fauna  precisely  defined  as  posterior  to  the  boulder-clay^ 
or  period  of  the  glacial  submergence  of  England.  In  1862  Br.  Falconer 
commnfaicated  to  the  British  Association  at  Cambridge  an  aixKinnt  of  Ele* 
pkas  tft^iienti*,  the  pigmy  fossil  elephant  of  Malta,  discoyered,  with  other 
extmct  mammals,  by  his  friend  Captain  Spratt,  C.B,,  in  the  ossiferons  cave 
of  Zebbng,  This  unexpected  form  presented  the  Proboscidia  in  a  new 
light  to  naturalists*  Further  researches  on  the  general  questions  conoem- 
Ing  the  same  family  appeared  in  a  memoir  published  in  Uie  '  Natural  His- 
tory Revieir'  in  1863.  Among  many  notes  and  papers  whieb  nerer  ap^ 
peared  duiing  his  life-time  may  be  mentioned  a  most  important  memoir 
"On  the  European  Pliocene  and  Post-pliocene  species  of  Rkmoeen»t** 
whichi  it  is  hoped*  will  shortly  be  published.  In  this  memoir  it  is  shown 
that  there  are  four  distmct  pliocene  and  post-pliocene  species  of  JUUnpeerof, 
three  of  which  haTe  long  been  confounded  by  Cuvier  and  other  palmonto* 
logjbts  under  the  name  of  B,  l^totUmu*  One  of  these*  J{.  lepiorkmuM 
(fi.  m^arham  of  Christol.)  has  no  bony  nasal  septum ;  two,  J2.  Struma 
(Falc.)  and  Jt.  hmitm^ua  (Falc),  or  £.  lepforkinm  (Owen),  have  a  partial 
bony  nassl  septum ;  while  the  fourth,  J2.  aHHquiiati§  (Blumb.)  or 
iiekorhinu9  (Cut.  ft  Fiscfa.),  has  a  complete  bony  nasal  septum. 

While  exploring  the  Hinudayahs  In  his  early  days.  Falconer's  attention 
had  been  closely  directed  to  the  physical  features  which  dlsthiguisfaed  them 
from  mountain-ranges  in  temperate  regions,  and  more  espeicially  to  the 
general  absence  from  their  aouthem  valleys  of  the  great  lakes  so  eommon 
in  corresponding  situations  in  the  Alps.  When  the  hypothesis  of  the  ex* 
cavation  of  lake-basins  by  facial  action  was  brought  f(Nrward,  he  took  a 
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share  in  the  discussion,  and  combated  the  view  hy  an  appLal  to  thecontra- 
dicton'  evidence  furnished  by  the  IlimalayaUa,  the  lakes  ot  LuuibarJy,  and 
the  Dead  Sea. 

For  nearly  thirty  years  Dr.  Falconer  bail  been  engaged  more  or  less  with 
ti  c  investigailou  of  a  subject  which  hag  lately  occupied  much  of  the  atten- 
tiuii  both  of  men  of  science  and  of  the  educated  classes  p:eni  i alls',  viz.  the 
proofs  of  the  remote  antiquity  of  the  Inuuau  race,    la  fossil  bones 

procured  from  a  gicat  depth  in  the  ancient  alluvium  of  the  vulky  of  the 
Ganges  in  Hindustan  were  erroneously  figured  and  published  m  human. 
The  subject  attracted  much  attention  at  the  time  in  India.    It  was  in  1835, 
while  the  interest  was  still  fresh,  that  Dr.  Falconer  and  Captain  Cautley 
discovered  the  remains  of  the  gigantic  ujiocene  fossd  tortoise  of  India,  which 
by  its  colossal  mza  realized  the  mythological  conception  of  the  tortoise 
T^hich  sustained  the  elephant  and  the  world  together  on  its  back  (Geol. 
Trans.  2nd  ser.  vol.  v.  1837,  p.  199).     In  the  same  lormalions  as  the 
(  'I'y^'sochehjs  the  remains  were  discovered  of  a  smaller  tortoise,  identical 
\vii;i  Lcc  (  xisfin^  Emys  tectum.    About  the  same  time  also  several  sjiecies 
on  J— U  iiuadrutnana  were  discovered  in  the  Sewalik  Hills,  one  of  which 
wa-  rhoti^ht  to  have  exceeded  the  Ourang-outang,  while  another  was  hardly 
distinguishable  from  the  living  **  Iloonumnn  *'  monkey  of  the  Hindoos. 
Coupling  the«e  fact?  with  tiic  tK  curreiice  of  the  camel,  giraffe,  horse,  croco- 
diles, &c.  in  the  Sewabk  fauna,  and  with  the  further  important  fact  that 
the  plains  of  the  valley  of  the  Ganges  had  undergone  no  late  submergence, 
and  passed  thruu-li  no  stage  of  glaeial  refrigeration,  to  interrupt  the  pre- 
vious trauquil  order  of  physical  conditifin^,  Dr.  Talconcr  was  so  impressed 
with  the  conviction  that  the  human  race  migiit  have  been  early  inliiJnl ants 
of  India,  that  he  was  constantly  on  the  look  out  for  the  n]>turiiiiiL;  ot  the 
relic-      iiiim,  or  of  his  works,  from  the  miocenc  strata  of  the  Sewalik  Hills. 
In  Apni  1844  he  wrote  thus  to  his  friend  Captain  Cautley  : — "Joining  the 
indication  given  by  the  Hindoo  mythology  with  the  determined  fact  of  the 
little  Emys  frrtnm  having  survived  from  the  fossil  period  down  to  the  pre- 
sent day,  i  have  put  forward  the  opinion  that  the  large  tortoise  may  have 
survived  also,  and  only  become  extinct  within  the  human  period.    7'^/*  u 
a  mo9t  important  matter  in  reference  to  the  histori/  of  many    The  same 
?iew  was  publicly  announced  at  the  Zoological  Society  and  the  British 
ABSociation  in  1844. 

Ten  years  later  Dr.  Falconer  resumed  the  subject  in  India,  while  investi- 
gating the  foseil  remuns  of  the  Jumna.  In  May  1858,  having  the  same 
in<{air]r  in  view,  he  communicated  a  letter  to  the  Council  of  the  Geological 
Sodetj,  which  Buggested  and  led  to  the  exploration  of  the  Brixham  cave, 
and  thediicovery  in  it  of  flint-implements  of  great  antiquity  associated  with 
the  bones  of  extinct  animaU*  In  conjunction  with  Profesior  Ramsay  and 
Mr.  PengeHy  he  drew  up  a  report  on  the  subject,  which,  communicated  in 
the  same  year  to  the  Councils  of  the  Royal  and  Geological  Societies,  excited 
the  interest  of  men  of  sdence  in  the  case.   Following  up  the  same  object, 
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he  immediately  afterwards  procccikd  to  Sicily  to  examine  the  ossiferous 
cares  of  tluit  island,  and  there  discovered  the  "  Grotta  di  Maccagnone,"  in 
wliicli  flint-impleiiK  iils  of  great  antiijuity  were  found  adlieriiig  to  the  roof- 
matrix,  mingled  with  remains  of  hyeeuas  now  extinct  in  Europe.  (Qnart. 
Jonm.  Geol.  Soc.  18j9.)  Thus  in  1859  the  suhjoct  of  the  auUquity  of 
the  human  race,  which  had  previously  been  generally  discredited  by  men 
of  science,  was  launched  u[)on  fresh  evidence.  Since  then  it  has  been 
actively  followed  up  by  numerous  incpiirers,  and  Dr.  Falconer  himself  was 
contemplating,  and  had  indeed  actually  commenced,  a  work  *On  Primeval 
Man.'  In  18(53  he  took  aa  active  siiare  in  the  singularly  perplexed  dis- 
cussion concerning  the  human  jaw  of  Moulin-Quignon  ;  and  in  the  confer- 
ence of  English  and  French  men  of  science  held  in  France,  he  expressed 
doubts  as  to  the  uutlu  nticity  of  the  specimen,  but  in  tlint  guarded  and 
cautious  manner  wiiicli  wr>^  clmracteristic  of  him.  In  the  spring  of  1864 
he  published  a  notice  on  the  remarkable  works  of  art  by  '*  primeval  man,** 
discovered  by  Messrs.  Lartet  and  Henry  Cliristy  in  the  ossiferous  caves  of 
the  Dordogne ;  and  in  Septendjer  he  accompanied  his  friend  Mr.  Busk  to 
Gibraltar,  to  examine  caves  in  which  marvellously  well-})reservcd  remains 
of  man  and  mammals  of  great  anti(|uity  had  been  discovered.  A  joint 
report  of  this  expedition  by  himself  and  Mr.  Busk  was  afterwards  j)ublished. 

But  his  valuable  life  was  drawing  to  a  close.  In  January  1865  he  was 
seized  with  a  severe  attack  of  acute  rheumatism,  from  which  he  bad  formerly 
suffered  in  Caahmeer,  and  which  on  the  31st  of  the  same  month  termU 
Dated  fatally. 

At  the  time  of  his  death  Dr.  Falconer  was  a  Vice-President  of  the  Royal 
Society,  and  Foreign  Secretary  of  the  Geological  Society ;  and  as  a  proof  of 
the  high  esteem  in  which  he  was  held  by  his  many  friends,  it  may  be  men- 
tioned that  the  sum  of  nearly  two  thousand  pounds  has  been  collected  for 
founding  a  Fellowship  in  Natural  Science  in  the  University  of  Edinburgh, 
to  be  called  "  The  Falconer  Fellowship,"  and  for  the  execntionof  amarble 
bust  which  has  been  presented  to  the  lloyal  Society* 

From  what  has  been  said,  it  is  obvious  that  Falconer  did  enough  during 
his  life-time  to  render  his  name  as  a  palaeontologist  immortal  in  science  ; 
but  the  work  which  he  published  was  only  a  fraction  of  what  he  accom- 
plished. The  amount  of  scientific  knowledge  which  perished  with  him  was 
very  great,  for  he  was  cautions  to  a  fiiult  j  he  always  feared  to  commit 
himself  to  an  opinion  until  he  was  sure  that  he  was  right;  and  he  died  in 
the  prime  of  life  and  in  the  fulness  of  his  power.  Lovers  of  sdence  and 
those  who  knew  him  well  can  best  appreciate  his  fearlessness  of  oppontton 
when  truth  was  to  be  evolved,  his  originality  of  observation  and  di^th  of 
thought,  his  penetratiog  and  discriminating  judgmenf»  his  extraordinary 
memory,  the  scrupulous  care  with  which  he  ascribed  to  every  man  his  due, 
and  his  honest  and  powerful  advocacy  of  that  cause  which  his  strong  intel- 
lect led  him  to  adopt :  they  also  have  occasion  to  deplore  the  death  of  a 
staid  adviser^  a  genial  companlonj  and  a  hearty  friend. 
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Vicc-Admiral  Bobbrt  FitzRoy,  bora  at  Anpton  Hall,  8fitfolk»  Jiilj 
5,  1805,  was  youngest  ion  of  Geneial  Lord  CharleB  FittBoy  by  bis  Mcond 
wife,  Frances  Anne,  eldest  daughter  of  tlie  first  Marquis  of  Londonderry. 
He  entered  the  Royal  Naval  College  at  PortsmonCb  in  1818 ;  and  from 
1  SI 9  to  1828  served  OD  board  the  Omen  Giendower,  Bind,  I^eHt,  and 
Gmtffe9  in  the  Mediterranean  and  on  the  coasts  of  Sonth  America,  and 
became  flag-lieutenant  at  Bio  Janeiro. 

In  the  y  ear  last  mentioned,  on  the  decease  of  Captam  Stokes,  who,  under 
r  nptain  King,  had  been  employed  in  suireying  the  shores  of  Patagonia  and 
Tierra  del  Fupgo,  Lieatenant  FitxBoy  was  selected  by  the  commander-in- 
chief  on  the  station,  for  the  command  of  the  Beagle,  one  of  the  two  yes* 
sels  engaged  in  the  survey.  He  entered  on  his  new  duties  with  the  seal 
and  conscientiousness  which  through  life  characterized  his  pTofcMional  and 
official  serrioes.  Of  the  unportance  of  the  task  even  a  non-professional 
leader  may  judge  by  a  comparison  of  the  charts  of  the  South  American 
coasts  published  smce  1826,  with  tiioae  previously  existing.  Of  the  greater 
portion  of  the  shores,  from  the  La  Phita  on  the  east  to  tlie  north  of  Peru 
OD  the  west,  especially  the  broken  and  intricate  outlines  of  the  lower  lati- 
tudes, little  was  known,  and  that  was  imperfectly  laid  down  on  early  charts 
m  a  way  which  has  been  aptly  deicribed  as  confused."  The  Chonos 
ArehipeJago  was  completely  omitted,  and  the  Spanish  charts  of  Chiloe 
were  twenty'-five  miles  in  error. 

In  the  winter  of  1829,  while  surveying  the  tortuous  channels  which 
ramify  so  bewilderingly  in  the  rugged  region  to  the  rear  of  the  Land  of 
Besoktion*  Lieutenant  FitsBoy  discovered  two  large  inland  seas  (Otwny 
Water  and  Skyring  Water)  connected  by  a  channel  twelve  miles  in  length, 
to  which  Captain  King  gave  the  name  of  FitsBoy  Passage.  During  this 
expUnation,  Lieutenant  FitsBoy  with  two  boats  was  away  from  the  ship 
thirty-two  days,  exposed  to  the  rigours  of  a  severe  and  stormy  dimate, 
yet  no  opportunity  was  lost  of  making  observations  and  taking  notes  of 
renmrkable  objects.  At  the  end  of  1830  the  two  vessels  returned  to  Eng- 
land, ^'havmg  added  eharta  of  the  south-western  and  southern  shores  of 
Ticm  del  Foego,  besides  those  of  a  multitude  of  interior  sounds  and  ^las- 
sage^,"  to  the  results  of  the  first  two  years  of  the  survey.  Among  his 
^»eciniens  of  natural  history.  Lieutenant  FitsBoy  brought  four  native  Fue- 
giaDDi^  and  expended  largely  from  his  private  resources  in  endeavouring  to 
improve  their  condition. 

At  the  end  of  1831,  the  BeagU  having  been  thoroughly  re-equipped, 
was  again  commissioned  with  Lieutenant  FitsBoy  as  commander  to  renew 
the  survey.  On  the  voyage  out  a  partial  examination  was  made  of  the 
Abrolhos  Bank,  of  which  a  brief  account  was  read  before  the  Boyal  Geo- 
graphical Sode^  and  published  in  their  Journal.  Other  papers  from  his 
pen  are  printed  in  the  same  periodical,  in  one  of  which  he  sums  up  in  few 
words  the  results  of  the  additional  survey,  accomplished  with  not  less  spirit 
and  inteUigenoe  than  the  former.     I3cguuiiiig,"  he  remarks,  **  with  the 
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rig^t  or  loiitheni  bank  of  tlie  wide  ri^er  Plata,  tmaey  milo  of  the  coast 
thence  to  Cape  Horn  was  doaely  aturreyed,  and  laid  down  on  a  large  scale. 
Each  harbour  and  anchorage  was  planned ;  thirty  milea  of  the  nfw  Negro, 
and  two  hundred  of  the  Santa  Gnu,  were  eiaxnined  and  hud  down,  and  • 
chart  was  made  of  the  Falkland  Islands  ....  Westward  of  Cape  Horn,  as  far 
as  the  parallel  of  47'^  S.,  little  has  been  added  to  the  results  of  the  Bea» 
pie's  first  voyage,  because  nearly  enough  was  then  done  for  the  wants  of 
vessels  ill  those  dreary  regions.  But  between  47°  and  the  river  Guayaquil, 
the  whole  coasts  of  CAu]c  and  Vtiu.  have  beeu  burveyed;  no  port  or  road- 
Stead  lias  hccii  oiiiiltcd." 

During  this  survey  (in  1834)  Lieutenant  FitzRoy  was  promoted  to  tlie 
rank  of  Captnin.  In  Ibao,  wlule  he  lay  at  Valdivia,  the  great  earthquake 
took  place,  of  which  he  has  given  a  circumstantial  and  interesting  accouut. 
The  Beagle  afterwards  sailed  for  an  examination  of  the  Galapagos,  and 
thence  for  England,  touching  at  fourteen  stations  from  Tahiti  to  the  Azores 
to  measure  meridian  distances,  for  which  purpose  a  large  number  of  chro- 
nometeis  had  been  placed  on  board.  The  vessel  arrived  at  Greenwich  in 
Novcmf)er  1H36,  having,  in  the  course  of  her  lengthened  cruise,  circum- 
navigated tlit"  iilubc. 

Captain  Fit;  lioy's  anxiety  to  make  his  work  as  complete  as  possible,  led 
him  to  hire  two  vessels  and  purchase  a  third  at  his  own  cost  to  fill  up  the 
details  of  the  survey,  and  include  tlie  Falkland  Islands.  This  outlay,  how- 
ever, involved  him  in  embarrassnu m  s  which  hampered  him  for  many  years. 
The  Royal  Geographical  Society  liastened  to  recognize  his  ments  by  award- 
ing him  their  Gold  Medal  for  183G,  "for  the  zeal,  energy,  and  liljualiiy 
shown  by  hi?n  in  tiio  conduct  of  the  survey;'*  mid,  **  acknowIcflfriiiLr  the 
importance  ol  the  ma'^s  of  information  **  which  he  brought  home,  declared 
it  to  have*  been  "j)erhaps  not  exceeded  by  any  expedition  sinco  the  time 
of  Cofik  and  of  Flinders."  "When  we  remember  that  Mr.  C'liarles 
Darwin  was  on  board  the  Beagle  during  the  whole  of  her  voyage,  and 
there  gathered  the  materials  for  his  '  Journal  and  Ilemarks,'  and  geologi- 
cal works  since  published,  the  expedition  may,  indeed,  be  regarded  as  me- 
morable. A  full  account  thereof,  written  by  Captain  FitsRoy,  was  published 
in  three  volumes  in  1839. 

In  1839  Captain  FitzRoy  was  chosen  an  Blder  Brother  of  the  Trinity 
House ;  in  ]  84 1  he  sat  in  the  House  of  Commons  as  Member  for  North 
Durham  ;  in  1842  he  was  appointed  Acting  Conservator  of  the  Mersey; 
and  in  the  following  year  he  went  out  to  New  Zealand  as  Governor,  which 
post  he  held  for  three  years.  He  was  elected  a  Fellow  of  the  Royal  Society 
in  1851  ;  in  1854  he  was  placed  at  the  head  of  the  Meteorological  Depart- 
ment of  the  Board  of  Trade ;  in  1857  he  became  Rear- Admiral,  Vice- Ad- 
miral in  1863,  and  in  1864  the  Academy  of  Sciences  of  the  Institute,  Paris, 
elected  him  a  Corresponding  Member  of  thdr  Section  of  Geography  and 
Navigation.  - 

In  carrying  oat  the  dutiea  of  his  appointiDcnl  at  the  Board  of  Trad^ 
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Admiral  FitzRoy  displAycd  the  earnestness  which  had  always  distinguished 
him.  Indeed  the  lefefe  Attention  he  bestowed  on  the  details  of  his  fuiio- 
tion,  the  originating  of  stonD-ngoali,  the  publication  of  *  Beports '  and  the 
'  Weather  Book/  brought  on  a  severe  mental  atnln  which  erentuallj  oooa* 
sioned  his  death  on  the  30th  of  April,  1865.  The  mutner  of  hia  de^h  wai 
a  shock  felt  far  bejood  the  oirele  of  hia  fnendi,  and  to  them  ezeeedingly 
patnfbl.  But  they  nmember  him  aa  a  man  of  kindly  natnre^  oonrteoni 
and  oontideiate  in  no  common  degvee^  inspiring  ihoie  who  koaw  him  bert 
with  cflbotionate  attaehmant. 

Tha  life  of  BBWiAMiif  OoMPsnn  k  ghan  at  leogih  in  the  *  Annianee 
Maganna*  Ibr  April  1866,  a  jonmal  in  which  original  inYestigationa  on  a 
blanch  of  malhematioal  application  make  their  first  appeafanoe^  and 
wfaidi,  therefbie,  must  lemain  aecessible  to  the  scientifio  world.  He  was 
of  a  Botch  Jewish  fiunily,  of  which  the  original  name  was  Coheot  and  hia 
hOma  waa  a  diamond  merchant,  whose  meana  left  several  sons  in  affliienca«  •>  * 
Ha  waa  bom  March  5»  1779.  He  had  an  early  torn  for  mathematics,  and ' 
at  Uie  age  of  eif^Cesn  became  amember  of  the  old  Mathemadeal  Sociefy 
of  Spitalfieldi^-of  which  he  was  PMsident  when  it  merged  in  the  Aatro« 
nomical  Society.  The  ordinary  biographicsl  details  of  his  life  are  very 
simple.  He  married  (m  1810)  the  sister  of  Sir  Moaea  Montefiore,  so  well 
known  for  hia  benerolent  exertions :  he  had  previonaly  started  in  life  on 
the  Stock  Exchange.  The  h>ss  of  his  only  son  (in  1823)  occasioned  his 
retirement  from  this  pnrsnit,  and  prodneed  a  depression  whidi  made  his 
friends  anxious  that  he  should  divert  his  mind  by  engaging  again  in 
bosineas.  They  persuaded  him  to  take  the  Aetnaryship  of  the  Alliance 
Ofiee;  and  common  mmonr  stated  that  the  office  itself  was  founded  by 
hia  friends  to  proeuTe  him  employment.  On  his  retirement  m  1848  he 
continued  to  apply  himself  to  mathematicBl  subjects,  even  long  after  he  had 
foDen  into  a  state  of  bodily  debility.  He  died  on  the  14th  of  July,  1866. 

Mr.  Goroperts's  writings,  especially  those  on  imaginary  quantities  and 
on  mortality,  show  decided  inventive  power,  and  that  stroug  aspuntion 
after  rigour  which  characterises  the  old  English  school.  Of  this  school 
he  may  be  caDed  the  last.  We  do  not  except  Lord  Brougham,  an  older 
man  and  an  older  mathematidan,  who  is  still  left  to  us :  his  early  writings 
are  of  the  mixed  type ;  they  show  that  combination  of  the  old  English  and 
the  Continental  which  was  made  in  Scotland  before  it  was  made  in 
England.  Mr.  Gomperts  was  the  genuine  disciple  of  the  *  Ladies'  Diary,' 
the  ^Hathematical  Companion,'  and  that  tribe  of  periodicals  supported  by 
sH  grades,  from  the  man  of  bnrineaa  to  the  artisan,  which  were  read  and 
written  in  by  many  mathematioiana  of  power  to  whom  the  Philosophical 
Transactions  were  unknown.  Mr.  Gomperts  contracted  aome  marked 
peculiarities.  He  was  the  last  of  the/i<«i0ii»tlf :  to  the  day  of  hia  death 
he  mt^d  the  notation  of  Newton,  and  he  held  that  respect  for  Newton*S 
luciiior^  ckuiaiidcd  this  adherence,  while  at  the  same  thne  ha  maintamed 
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the  superiority  of  the  system.  He  never  would  periiiit  lilinsclf  the  abbre- 
viations log  X,  sin  X,  8cc.;  it  was  ;iUv?\ys  lognrillim  of  a;,  ?ine  of  .r,  Krc. 
This,  and  some  otlicr  consc(iuencc\s  ot  isolated  thought,  in  the  iraad  of  a 
nvAw  ^vho  was  not  tlirown  anioiin:  his  ecjuals  in  power  until  lic  was  an  old 
student,  will  be  looked  at  with  iiitercsit. 

The  thing  by  %vhich  Mt.  Gompertz  will  always  be  remembered,  is  the 
diseoTcry  of  the  fmictioii  \\  \nch  so  nearly  gives  the  law  of  human  life, 
])uhlished  in  our  '  Transactions.'  His  recent  devtlopments  of  his  own  law 
arc  as  yet  !^}fh  jiidice,  but  they  show  the  continuance  of  youthful  energy  to 
a  very  late  period.  Thcr  who  know  the  i-tate  of  the  writer  when  his  la^t 
papers  were  published,  will  wonder  at  the  vi^^our  of  mind  which  remained 
untouched  by  bodily  weakness.  The  law  above  mentioned  stands  alone  as 
capable  of  j)hysiological  enunciation  :  tell  a  mathematician  that  it  is  "  the 
power  to  oppose  decay  loses  equal  proportions  in  equal  times/*  add  that 
the  constants  undergo  nearly  suddea  changes,  and  he  will  be  able  to  re- 
establish the  whole  theory. 

In  the  memoir  to  which  we  have  alluded  will  be  fouTul  a  full  account  of 
Mr.  Gomperts's  connexion  with  the  Royal  Aatronomicai  Society  and  other 
Assoeiatioiii*  He  became  a  Fellow  of  Uiis  Society  in  1819. 

Sir  Benjamin  Hetwood,  Bart.,  born  the  12th  of  December,  1 793,  of  an 
ancient  Lancashire  family,  was  the  eldest  son  of  Nathaniel  fieywood, 
banker  in  Manchester.  Uis  mother  was  the  daughter  of  Thomas  Percival, 
M.D.,  elected  in  1765,  at  the  age  of  twenty»fiye,  a  Fellow  of  the  Royal 
Society,  and  the  author  of  *  Medical  Ethics.* 

After  receiving  a  good  school  education,  Benjamin  Heywood  completed 
his  studies  in  the  University  of  Glasgow,  where  he  distinguished  himself 
io  the  Logic  Class  of  Professor  Jardine,  aa  well  as  in  the  Moral  Philosophy 
Class  of  Professor  Mylne*  la  181 1  he  entered  on  bis  hereditary  calling 
the  bank  at  Manchester.  He  married  in  1816  the  daughter  of  the  Ute 
Thomas  Robinson,  £aq.  Of  this  manrisge,  six  sous  and  two  daughters 
sunriTe  him. 

The  Manchester  Mechaaics'  Institution  was  founded  in  1824  by  the 
active  exertions  of  Mr.  Heywood,  who  for  twenty  years  held  the  office  of 
Flresident,  and  on  his  retirement  from  the  presidential  chair,  the  Directory 
impressed  with  the  soggestire  and  practical  character  of  his  addresses, 
collected  and  published  them. 

Scientific  pursuits  were  always  encouraged  in  the  Institution  by  Mr. 
Heywood,  In  1838,  after  a  couTersation  with  Mr.Leonard  Homer,  F.B.S., 
he  recommended  certificates  of  proficiency  to  be  granted  to  meritorious  stu** 
dents  when  they  had  completed  an  allotted  course  of  study.  This  plan 
was  subsequently  adopted  with  benefit  to  the  Institution. 

In  1831  a  laige  majority  of  the  inhabitants  of  Lancashire  were  greatly 
nterested  in  the  Beform  Bill,  which  conferred  on  many  of  their  towns  the 
right  of  representation  in  parliament.  At  the  genend  election  of  that 
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ye^r,  Mr.  He^wood  was  chosen  withoat  opposlliott  ane  of  the  membefs 
for  the  county  of  Lancaster  to  support  the  goyemment  measnre  of  reform. 
Bis  eonitesy*  integrity,  and  determined  adherence  to  principle^  gained  for 
him  general  confidence,  but  parliamentaiy  life  did  not  suit  bis  health,  and 
on  the  dissolution  of  parliament,  after  the  passing  of  the  Reform  Act  in  1832, 
he  retired  from  the  ardooos  duties  of  a  public  career. 

SUtistiea  were  always  an  interesting  seience  to  Mr.  Heywood.  He 
earnestly  supported  the  formation  of  the  Mandiester  Statutical  Society, 
conducted  a  valoable  inquiry  into  the  condition  of  the  working  classes  in 
Manchester,  and  as  one  of  the  officers  of  the  Statistical  Section,  presented 
the  lesoltsof  this  investigation  (in  1834)  at  the  Edinburgh  Meeting  of  the 
British  Association  for  the  AdTancement  of  Science. 

In  1838,  at  the  accession  of  Her  Majesty  Queen  Victoria,  Lord  Mel* 
bourne  being  Prime  Minister,  Mr.  Heywood  was  created  a  baronet.  In 
1843  he  was  elected  a  Fellow  of  the  Royal  Society,  and  twice  held  the 
office  of  a  Tice-Piresident  of  the  British  Association,  on  the  succeasiTe 
Tisits  of  tbftt  body  to  Manchester.    He  died  on  the  11  th  of  August,  1 865. 

Sir  "William  Jaceson  Hooker  was  bom  at  Norwich  on  the  6th  of 
Jviy,  1 785.  He  was  descended  of  a  family  which  aforetime  had  given  birth 
to  men  of  eminence,  and  among  them  the  author  of  the  '  Ecclesiastical 
Polity.'  Bom  to  affluence,  and  educated  at  a  school  of  reputation,  he  as  a 
yoong  man  was  enabled  to  devote  his  life  to  science^  without  the  need  of 
folkmiug  a  special  calling.  Cirenmstanoes  brought  htm  early  into  relation 
with  some  ^tmguished  naturalists,  and  among  the  rest  Sir  James  Ed- 
ward Smith,  the  most  eminent  British  botanbt  of  his  day ;  and  the  influ* 
eooeof  this  acquaintanceship  combiniug  \Yithhis  own  taste,  no  doubt,  helped 
to  decide  his  choice  of  a  pursuit.  In  1809,  through  the  encouragement 
of  Sir  Joseph  Banks,  to  whom  he  had  become  known,  young  Hooker 
Tisited  Iceland,  whidi  he  extensively  explored,  making  large  collections  in 
an  branches  of  Natural  Histoiy  t  but  these,  together  with  all  his  notes  and 
dmirings,  were  totally  lost  on  his  way  home,  through  the  bummg  of  the 
ship  in  which  he  was  returning.  His  escape,  by  the  opportune  arrival  of 
another  vessel  in  mid-oeean,  was  ahnost  miraculous.  An  account  of  it  will 
be  found  in  the  modest  narrative  called  '  Recollections  of  Iceland.' 

In  1810-11  he  made  preparations  for  accompanying  Sir  Robert  Brown- 
rigg,  who  had  been  appointed  Governor  of  Ceylon,  to  that  island,  then  but 
little  known  to  naturalists.  With  this  design,  he  disposed  of  his  estates* 
and  invested  the  proceeds  in  securities,  which  were  unfortunately  ilU 
chosen,  and  afterwards  much  decreased  in  value.  As  an  illustration  of  the 
z  with  which  he  prepared  for  hia  enterprise,  the  fact  is  recorded  that  he 
made  pen-and-ink  copies  of  the  plates  and  descriptions  of  the  entire  manu- 
script scries  of  iloxlnirgh's  Indian  plants,  preserved  in  the  India  House. 
His  plans,  liowcvcr,  were  frustrated  by  the  intestine  troubles  in  the  island 
followed  by  the  Caudxau  war  wliicii  soon  afterwards  broke  out. 
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tn  1814  he  made  a  botanizing  expedition  into  France^  Switzerland,  and 
tbe  north  of  Italy,  which  extended  over  a  period  of  nine  months,  and  in 
the  course  of  which  he  became  acquainted,  at  Paris  and  elsewhere,  with  the 
principal  botaniats  of  Europe ;  thus  lajring  the  foundation  of  n  identific 
intercourse  and  correspondence  which  lasted  until  his  death. 

In  1815  he  married  the  eldest  daughter  of  Mr.  Dawson  Turner,  a  banker 
in  Yamouthf  end  settled  nt  Halesworth,  in  Suffolk,  where  his  house  at 
once  became  the  rendezvous  of  British  and  foreign  botanists,  and  where 
he  commenced  the  formation  of  that  great  Herbariom  whieh  ia  now  the 
llnest  in  the  world. 

His  first  botanical  work  was  that  on  the  British  Jongermannitt,  whieh 
was  completed  in  1816.  This,  which  is  a  model  of  akillul  microscopie 
dissection  and  accurate  description,  is  illustrated  byengrarings  after  draw- 
ings hj  his  own  exquisite  pencil.  The '  Muscologia  Britannica  *  was  pab» 
lished  in  oonjonetton  with  Dr.  Taylor,  in  1817,  and  was  followed  by  the 
*  Musd  Exotici.'  These  and  other  works,  added  to  an  increasing  home 
and  foreign  oorrespondenee,  fully  occupied  his  time  for  tbe  next  five 
years  of  his  life.  Meanwhile  his  property  had  been  rapidly  deteriomting, 
and  with  an  increasuig  family  he  found  it  necessaiy  to  look  out  ibr  some 
femuneratiTe  soientifle  employment.  He  therefore  accepted  the  Begiui 
Plrofessorship  of  Botany  in  the  UniTersity  of  Olasgow,  at  that  time  vacanty 
and  removed  to  that  city  in  1830. 

His  life  at  Glasgow  was  entirely  devoted  to  botany  $  he  raee  early,  and 
went  late  to  bed ;  he  Tisited  hut  litUe,  and  devoted  the  whole  poweie  of 
his  mind  and  his  pencil  to  his  favourite  science.  He  was  a  most  popular 
leetorer,  his  dasB  being  sometimes  attended  by  as  many  Tolonteers  na 
collegians ;  lie  encouraged  his  students  in  tbe  pursuit^  by  taking  them  on 
excursions,  by  givii^  them  rare  plants  from  his  duplicates,  and  by  famish- 
ing  them  wiUi  letters  of  introduction  to  all  parts  of  the  world  when  they 
went  abroad.  He  kept  up  a  close  connexion  with  the  authorities  of  the 
Admiralty,  Treasury,  Foreign,  and  Colonial  Offices ;  and  it  was  mainly 
through  his  exertions  that  botanists  were  so  frequently  appointed  to  the 
various  Government  expeditions  of  that  period. 

During  the  twenty  years  he  redded  at  Glasgow  he  published  hia  *  Flora 
Seotica,'  in  which  the  pbmts  of  a  great  part  of  the  British  Isles  wero  for 
the  first  time  arranged  according  to  the  naturd  methods  the  'Fkna  Exo- 
tica,' and  (in  conjunction  with  Dr.  GreviUe)  the  'leonea  Filicnm;*  also 
the**Botanied  Miscellany,'  the  '  Joumd  ofBotany,*  the  'Icones  Flantn- 
mm,'  the  '  British  Flora,'  the  *  Botany  of  Boss's,  Parry's,  Franklin*s, 
Back's,  and  other  Arctic  Expeditions; '  the  *  Flora  Boreali- Americana,' 
and  (in  conjunction  with  Dr.  Walker  Amott)  the 'Botany  of  Bcechey's 
Voyage,'  and  various  other  works  of  standard  authority.  In  1826  he 
commenced  the  authorship  of  the  'Botanical  Mac:azine,'  which  he  carried 
on  for  nearly  forty  venr«».  His  llcrhariuin  in  the  mean  lime  was  coiistantly 
receiying  uccesbious,  niamly  owing  to  the  iuJcfau^able  correspoudeuce  he 
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kejjt  up  witli  all  parts  of  the  world,  and  to  the  number  of  trained  SeotcU 
medical  students  who,  when  seeking  their  fortunes  in  foreign  conntrict^ 
continued  to  scud  liim  plants,  even  up  to  the  day  of  bis  death. 

During  his  residence  in  Glasgow  he  was  twice  offered  knighthood, 
which  he  acceiited  from  William  the  Fourth  in  the  year  183C  ;  this  honour 
being  bestowed  on  him  in  consideration  of  hi«  edentific  labours,  and  tht 
great  services  he  had  rendered  to  botany.  Hii  connexion  with  Scotland 
a  Professor  terminated  in  1841,  when  be  was  appointed  to  the  XNiector* 
ship  of  the  Royal  Gardens  at  Kew. 

It  ii  wprthy  of  being  recorded  tiiat  Sir  William  Hooker,  who  from  the 
coaiinencement  of  his  botanical  career  felt  a  strong  interest  in  Kew,  luul 
neyer  abandoned  the  secret  idea  that  the  time  might  come  when  theie  Gar'- 
dens  should  be  made  over  to  the  nation,  and  become  the  head-quarters  of 
botanical  science  for  £ngland,  as  well  as  its  colonies  and  dependencies  in 
an  parte  of  the  world,  and  that  it  might  be  his  fortune  to  be  a  chief 
imtroment  in  bringing  abont  this  end,  and  in  rendering  Kew  an  estabUah* 
ment  worthy  of  the  country.  The  idea  of  devoting  the  Gardens  at  Kew  to 
this  great  national  and  scientific  pnrpoee  had  been  keenly  cherished  by 
John  Buke  of  Bedford,  himself  an  ardent  horticulturist.  With  that 
nobleman  Sir  William  Hooker  was  on  terms  of  friendship  and  correspond* 
ence ;  and  the  Duke  did  not  fail  to  urge  upon  those  in  poUtical  power  the 
iulfilment  of  what  was  with  Sir  William  himself  a  favourite  project.  Upon 
the  Duke's  death,  his  son,  the  late  Doke  of  Bedford,  lealously  carried  out 
his  fiitliti^s  wishes ;  bat  it  was  upon  the  present  Earl  RoiseU,  thm  Lord 
John*  that  the  chief  .weight  of  the  transaction  fell  s  and  it  is  to  him  that 
the  natton  owes  these  magnificent  gardens. 

In  1841  Kr.  Aiton,  for  fifty  years  the  Director  of  the  Boysl  Gardens, 
teiigiied  his  post  at  Kew«  and  was  succeeded  by  Sir  William  Hooker,  who 
entered  upon  his  duties  in  command  of  resources  for  the  development  of 
the  Gaidens.  sudi  as  had  never  been  combined  in  any  other  person*  Single 
of  purpose  and  straightforward  in  aetion,  by  his  honest  lea),  and  singuUr 
tact  in  making  his  plans  clear  and  obviously  adrantageous  to  the  public, 
he  nt  once  won  the  confidence  of  that  branch  of  the  Government  under 
which  he  worked.  Another  means  which  he  at  once  brought  to  bear  on 
the  wiirfc  in  hand,  was  his  extensive  foreign  and  colonial  correspondence, 
especially  that  with  students  whom  he  had  imbued  with  a  love  of  botany, 
and  who^  scattered  over  the  most  remote  countries  of  the  globe,  gladly 
smiled  themselves  of  their  opportunities  of  contributing  to  the  sdentific 
itsoufoes  of  the  establishment.  His  views  were  further  greatly  fadlitated 
hf  his  friendly  intercourse  with  the  Foreign  and  Colonial  Offices,  the  Ad< 
miralty,  and  the  East  India  Company;  to  all  of  whom  he  had  been  the 
BMaas  of  rendering  servica*  by  lUs  judicious  recommendation  of  former 
pupib  to  poatoin  their  employment,  and  by  publishing  the  botanical  re- 
sults of  the  ezpeditbns  they  sent  out.  Nor  csn  we  omit  to  mention  here 

kte  curator  of  the  Royal  Gardens,  Mr.  John  Smiths  aa  officer  of  un- 
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usual  }>otnriical  and  horticultural  knowledge,  hy  wiiom  he  was  zcalouslj 
seconded  in  all  his  plans. 

To  describe  the  various  improvements  which  have  resulted  in  the  pre- 
sent establishment, — inclu  linL,  as  it  does,  a  botanic  garden  of  75  acres,  and 
a  pleasure- jjroimd  or  arboretum  of  2  70  acres,  three  niui«eums,  stored  with 
many  thousand  sj)ccimcns  of  vcfri  taljlr  ])rodncts,  and  n  mngniticent  Library 
and  Herbarium  (for  the  greater  part  iht^  privnte  property  of  Sir  M'i!!inn!\ 
placed  iu  the  late  King;  of  TTanover's  house  on  one  side  of  Kew  Green,  and 
adjoining  the  Gardens,— woui(i  rather  be  to  give  a  history  of  the  Gardens 
than  to  sketch  the  life  of  tlieir  Director ;  it  \vill  suffice,  therefore,  to 
record  the  following  dates  of  the  more  interesting  events  which  hare 
marked  their  progress. 

The  first  step  was  the  opening  of  the  Gardens  to  the  public  on  week- 
days, which  followed  immediately  upon  Sur  Wilham  entering  apon  the 
Directorahip.  Bather  more  than  9000  persons  visited  them  during  the 
firat  year  of  their  being  throvn  open,  and  the  number  has  steadily  in- 
creased.   In  1864  the  number  of  visitors  amounted  to  473>307» 

About  1843  the  Queen  granted  from  the  contiguous  pleasure-ground  an 
addition  of  47  acres,  inclndiog  e  piece  of  water,  by  the  aide  of  which  the 
Palm  stove  was  afterwards  erected. 

In  181 C  the  Royal  Kitchen  and  Forcing  Gardens,  which  ran  along  the 
side  of  the  Eichmond-road,  were  added.   Upon  this  piece  of  ground  stood 
an  old  fruit-house,  since  memorable  as  the  origin  of  the  first  Museum  of 
Economic  Botany  that  ever  existed.     Sir  William  requested  that  thi 
building  might  not  be  pulled  down,  but  that  it  might  befitted  up  to  reoeiv 
specimens  of  vegetable  prodncta  iUustrative  of  the  nature  and  naea  of 
plants,  and  the  whole  thrown  open  to  the  public.    Through  the  exertions 
of  the  indefatigable  Director,  aided  by  Mr,  Smithy  the  Economic  CoUectton 
has  now  become  important  and  well  known. 

In  1861  was  commenced  the  laige  Temperate  Home  in  the  pleasnre* 
gronnda,  often  called  the  Winter  Garden ;  the  laat  bnildlng  wanting  to 
complete  the  establiahment  as  repreaenting  hortienltnre*  Tbia  beautiful 
building,  which  is  not  yet  completed,  was  designed  by  Mr.  Dedmoa  Burton, 
and  ia  admirably  adapted  to  its  purpose ;  the  interior  arrangement  of  the 
beda^  and  of  the  plants  in  them,  which  hare  been  so  much  admired,  ii^ 
howeyer,  wholly  due  to  Sir  William's  judgment  and  taate. 

It  might  be  supposed  that  the  twenty-four  years  spent  at  Kew  in  con- 
triving and  directing  these  public  improvements,  added  to  the  daily  cor- 
respondence and  superintendence  of  the  Gardens,  would  hsTe  left  but  little 
time  and  eneigy  for  acientifie  pnnmita ;  auch,  however,  was  far  from  being 
the  case.  By  keeping  up  the  active  habits  of  his  early  life.  Sir  William  was 
enabled  to  get  through  a  greater  amount  of  acientifie  work  than  any  other 
botanist  of  his  age .  The  *  British  Flora,'  whidi  has  now  reached  the  1 2th 
edition,  he  made  over  to  his  successor  in  the  Glasgow  chair,  Dr.  Walker 
Aniott  $  but  his  monthly  *  Journal  of  Botany '  was  recommenced ;  fimt  ap- 
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pearing  as  the  '  London/  and  afterwards  as  the  *  Kew  Journal  of  Botany  ;* 
which  together  exteoded  to  seventeen  annual  volumes,  and  was  enriehed  with 
papers  of  bis  own  ;  with  letters  from  his  correspondents  in  all  parts  of  the 
world ;  with  review!  of  botanical  worki ;  with  contributions  on  physblo* 
gical,  structmalt  and  ijitematic  botany ;  and  with  notices  of  the  progreaa 
of  the  science  everywhere.   With  the  exception  of  carrying  on  the  '  Bo* 
tanicil  Mag^iine/  for  the  last  fifteen  years  of  his  life  most  of  his  leisnre 
was  devoted  to  the  study  of  Ferns,  and  oa  this  subject  he  published  two 
woritt  of  standard  value,  the  fruit  of  great  labour— the  *  (3enera  Fihcum/ 
with  iUttstrationi  by  the  late  Mr.  Francis  Bauer,  and  the  'Species  ^icum/ 
commenced  in  the  year  1846,  and  ifimshed  only  last  year.  This  work, 
which  is  in  five  volumes,  and  contains  the  only  complete  systematic  de- 
•eriptiim  of  the  vast  tribe  of  plants  to  which  it  is  devoted,  wotdd  of  itself 
have  been  sufficient  to  establiidi  a  botanical  reputation,  and  is  regarded  as 
a  standard  authority  upon  the  subject.  During  the  Ust  few  years  of  his 
life,  he  also  published  bis  '  Garden  Ferns,'  *  Exotic  Ferns,'  and  '  British 
Ferns ; '  sB  beautifnlly  illttstrated,  and  with  descriptions  from  his  own  pen. 
At  the  date  of  his  death  he  was  engaged  upon  a  '  Synopsis  Filicum,'  of 
which  one  number  only  has  appeared. 

In  connexion  with  the  scientific  labours  of  Sir  William  Hooker,  there 
are  two  names  which  should  be  prominently  mentioned.  The  one  is  that 
of  Lady  Hooker,  who  for  forty  years  was  his  able  amanuensb  and  assistant 
in  fitenry  work,  and  the  othor  that  of  Mr.  Walter  Fitch,  now  one  of  the 
meet  distinguished  botanical  artists  in  Europe.  Vp  to  about  1835,  Sir 
WiUSam  made  the  drawings  for  his  works  with  his  own  hand ;  but  about 
that  time  he  was  fortunate  in  having  the  skill  of  this  artist  brought  before 
him,  whose  talents  he  encouraged,  and  whose  services  he  eventually  secured 
for  the  illustration  of  his  works.  Most  laithfolly  has  Mr.  Fitch  seconded 
his  earlj  patron  and  firiend  in  his  labours.  Of  their  extent  some  idea  may 
be  formed  from  the  foct  that  Mr.  Fitch  has  executed  in  the  last  thirty 
yean  upwards  of  4000  drawiug^  of  plants,  all  of  which  have  been  published 
by  Sir  Wgiiam. 

Of  SirWiUiam  Hooker  it  mav  be  Bud,  that  an  almost  unbounded  libera- 
lify  was  one  of  his  most  prominent  features^  and  scientific  Botany  is  more 
mdebted  to  him  than  to  any  individual  since  Sir  Joseph  Banks,  for  the 
progress  it  has  made  within  the  last  half  century.  In  his  dealuigs  with  die 
natioD  his  conduct  was  as  libersl  as  it  was  towards  his  fellow-botanists.  For 
the  first  twelve  years  of  his  residence  at  Kew,  his  Herbsrium  and  Libraiy 
were  not  only  kept  up  at  his  own  expense  for  the  use  and  benefit  of  the  Royal 
Gardens^  but  were  open  to  every  botanist  who  applied  at  his  house  to  make 
ase  of  them.  To  him  we  are  indebted  for  the  i^pointment  not  only  of 
botanists  but  naturalists  to  the  majority  of  the  Government  espedittoos  of 
discovery,  survey,  and  researdi,  which  have  been  sent  out  during  the  Isst 
thirty  years ;  and  it  has  been  mainly  through  his  energy  that  funds  have 
been  forthcoming  from  Government  to  meet  the  after  expenses  of  publishbig 
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their  results.  To  young  botanists  lie  was  especially  kind  and  helpful ; 
indeed  there  are  few  cultivators  of  this  science  in  Europe  or  America  who 
have  not  borne  cordial  testimony  to  his  generosity  and  encouragement. 
Amongst  his  latest  cli'orts  has  been  the  inducing  of  the  Home  and  Culouial 
Goverauieuts  to  grant  the  necessary  funds  lur  the  publication  of  the  Floras 
of  their  possessions  ;  and  wit  liin  the  two  last  years  of  his  life  he  prevailed 
upon  Sir  Charles  Wood,  the  President  of  ilic  Indian  Board,  in  like  manner 
to  support  the  publication  of  tlie  Flora  of  British  India  ;  while,  through 
the  influence  of  his  steady  friend  Earl  llussell,  he  has  also  procured  a  grant 
for  the  publication  of  the  Flora  of  tiojucal  Africa, 

Sir  William  was  in  person  tall,  athletic,  and  active  ;  in  features  remark- 
ably good-looking,  animated,  and  cheerful ;  his  convi  i  >ntion  had  the  c  iuirrn 
of  intellectual  cuitivalMJii  and  refinement,  and  he  had  a  ready  ])uni'rof 
conveying  clear  iuforuiatiou.  As  a  scientific  eorrespondcnt  he  was  unri- 
valled; promptly  answering  every  letter  witli  lii^  own  IkhuI  ;  encouraging 
those  who  first  addressed  him,  and  stimulatmg  those  who  llagged.  Indoe<l 
he  was  wont  to  attribute  his  success  in  the  creation  of  the  National  Gnrderis 
and  the  accomitaiiviiiL;  IVIusenms  to  his  hfiV?it  of  ili;uikino*  every  contributor 
at  once,  answering  ail  their  cjuestiojis  at  whatever  trouble,  naming  the 
plants  they  sent,  and  applying;  personally  to  residents  in  every  part  of  the 
world  for  such  plantA  or  their  products  as  he  desired  to  havje  in  the  Gar* 
deus. 

He  was  an  LL.D.  of  Glasgow,  D.C.L.  of  Oxford ;  a  Fellow  of  the  Royal 
Societies  of  London  and  Edinburgh,  the  Linne^n,  Antiquarian,  Geogra* 
phieal,  and  other  Societies;  a  Knight  of  Hanover,  Compaiiion  of  the 
Legion  of  Honour,  a  Correspondent  of  the  Academy  of  France,  and  a 
member  of  almost  ererjr  other  learned  Academy  in  Earope  and  America* 
The  date  of  his  election  into  the  Royal  Society  was  Janoarj  9,  1812. 

He  died  at  Kew  on  the  12th  of  August,  1865,  in  the  Stst  year  of  his  age, 
after  a  Tety  short  iUness^  of  a  complaint  in  the  throat,  then  epidemie  at 
ihat  place. 

lie  leaves  a  widow,  two  married  daughters,  and  one  SOn,  Dr.  Joeeph 
Dalton  Hooker^  F.&.S.y  now  Director  of  the  Royal  Gardens. 

JoHK  LiNDLEY  wns  the  son  of  a  nurseiyman  of  considerable  abili^« 
who  was  the  author  of  a  manual  of  horticHltiire.  He  was  bom  at  Gatton. 
near  Norwich,  on  the  5th  of  Febmaiy*  1799,  and  was  edaeated  attbe 
Grammar  School  of  Norwich  under  Dr.  Valpy.  He  left  school  at  the  age 
of  siiteen,  and  was  employed  for  three  or  four  years  in  his  father^s  nursery, 
devoting  all  his  leisure  time  to  the  stody  of  botany  and  hortieultnre  witla 
that  remarkable  enei^  and  untiring  persererance  which  characterised  hit 
whole  life.  His  father  failing  in  business  shortly  before  be  came  of  age, 
young  Lindley  was  thrown  on  his  own  resources,  not  only  for  his  own  sup* 
portp  but  for  the  dischatge  of  his  father's  debts,  which  he  took  opou  him- 
self j   Proceeding  to  London  m  1819,  he  obtnned  from  Sir  Joseph  Banks 
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(to  whom  he  was  introduced  by  Sir  William  (then  Mr.)  Hooker,  his  earlit  st 
scientihc  friends  the  positii  ii  of  hi?;  fts^pistant  librarian,  niid  at  this  early  age 
began  the  Ioi.l-  snic'  nf  ^suiInS  with  wliicli  his  name  will  Ik-  for  ever  iden- 
tified by  thf  ])nulic*aUuu  ut  a  translation  ut"  llichaid's  '  Analyse  du  IniiT,' 
made  at  Mr.  iluoker's  house  at  Ilaks worth  ia  Suffolk  at  one  sitting,  vrhicb* 
however,  lasted  two  days  and  three  nights. 

in  1822  Lindlev  h'  Canic  (TRi  den  Assistant  S(  cretarv  tn  the  Ilortieul- 
tund  Society,  an  apponitnieiu  which  intluenced  his  whole  career,  as  he  re- 
mained connected  with  that  Society,  in  one  capacity  or  other,  throughout 
his  whole  working  life.  The  gardens  at  Chiswick  were  at  that  time  in 
process  of  formation,  and  to  their  development  he  devoted  all  his  energy, 
lu  1826  he  became  sole  Assistant  Secretary,  conducting,  under  the  Hono- 
rary Seentaries  Joseph  Sabine,  Bentham,  Henderson,  Gowen,  and  Eoyle,  all 
the  proeeedings  of  that  active  Society,  which  has  for  so  long  a  time  taken  a 
pronuDMii  part  m  adTancii^  horticulture  to  the  pueition  it  now  holds  ia 
this  country  both  as  a  science  and  an  art. 

Not  satisfied  with  these  laborious  daties.  which  would  have  tasked  ill 
the  energies  of  a  man  of  ordinary  capacity  for  work,  Lindley  became  in 
1829  Prafsssor  of  Botany  in  UnitefBity  College,  an  appointment  which  he 
held  for  upwards  of  thirty  years.  He  was  a  remarkably  exact,  clear  and  im- 
pitssifo  lecturer,  possessed  an  admirable  faculty  of  ludd  expositionj  and 
was  moat  copious  in  illustration.  He  nerer  read  his  lectures,  bat  they  were 
slways  cnrefiiliy  studied  beforehand. 

Nor  were  these  various  occupations  enough  for  his  erer  acti?e  mind, 
Thonnigfaly  Tersed  in  the  literature  of  Botany  and  its  kindred  scienoes,  be 
firand  tone  to  prepare  a  series  of  general  works  on  almost  eTeiy  branch  of 
the  acionoe,  all  of  great  Tslne,  and  many  of  them  still  standard  books  of 
refercnee  in  the  bands  of  students.  Beghmmg  bis  career  as  a  natundist  si 
the  time  when  the  natnral  system  of  Botany  was  acquiring  its  bighest  de- 
nkpmcDt  in  France,  thongb  known  only  to  a  few  in  En^aad,  where  tbe 
^-^miftn  system  was  still  untvetsally  taught,  Lindley  brought  all  tbe  weight 
of  Ida  teaching  and  all  tbe  force  of  bis  controrenial  powers  to  the  support 
of  tbe  new  system,  and  was»  if  not  the  leader,  at  least  tbe  most  prominent 
sdvoeate  of  a  change  now  unirersal.  His  *  Synopsis  of  the  British  Flora,* 
published  in  1829,  was  followed  by  an '  Introduction  to  tbe  Natural  System 
of  Botany '  in  1830,  which  passed  tbrougb  a  second  edition  in  1836,  and 
look  the  fbrm  of  'The  Vegetable  Kingdom,'  probably  the  best  known  of 
all  bis  works,  in  1846.  To  Medical  Botany  he  contributed  an  excellent 
Ftora  Hcdica,  to  Fabeontology  tbe  well-known  Fossil  Flora,  in  which 
Ur.  Huttonwashis  coadjutor,  and  to  Horticultural  Science  a  work  on  tbe 
Theory  and  Fractioeof  Horticulture,  which  be  himself  regarded  as  perhaps 
bis  most  Important  work,  probably  because  it  contabed  the  greatest  amount 
of  original  matter. 

To  these  general  works  must  be  added  a  long  series  of  monographs  and 
tBoiaied  descriptions  of  plants  iu  a  great  many  periodicals.  From  his  posi' 
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tixm  at  tbe  Horticultural  Society  he  had  the  earliest  opportunity  of  seeing 
oovelties,  and  made  it  his  business  to  describe  all  that  came  before  him. 
He  edited  for  a  long  series  of  years  the  '  BoUmical  Register/  a  periodical 
devoted  to  ngures  and  descriptions  of  new  or  rare  plants  of  general  interestp 
and  contributed  a  large  portion  of  many  other  serial  works.  His  earliest 
monograph  was  that  on  Roses,  published  in  1820  in  his  twenty-first  year« 
This  was  ibllowed  in  1821  by  'Collectanea  Botanica/  an  ifiustrated  work 
published  at  the  expense  of  Mr.  Cattley,  an  emuent  amateur  cultivator. 
Soon  after  he  became  connected  with  the  Horticultural  Society  he  began 
to  devote  himself  specially  to  the  study  of  Orchidess,  a  family  the  inresti- 
gation  of  which  is  extremely  difficult  unless  from  living  plants,  and  which 
from  the  multiplicity  of  its  forms  and  the  minuteness  and  intricacy  of  its 
flowers,  tasks  to  the  utmost  the  powers  of  observation  of  the  naturalist. 
With  tliis  family  liis  name  will  be  for  ever  associated,  not  only  ss  the  de- 
scribcr  of  a  very  gi  ciit  number  of  new  genera  and  species,  hut  as  the  author 
oi  a  scries  of  j^eueral  works,  the  last  of  which,  '  FoHa  Orchidacea,'  to  ihe 
regret  of  ail  naturalists,  was  left  ui  iiuished  at  his  deatli.  It  was  with  spe- 
cial reference  to  the  important  servicL'  lie  it  iuleicd  to  science  by  these  great 
works  that  the  Uoval  Meciai  of  the  Society  was  awa:  to  hiiu  m  ibii7, 
thongh  the  vahie  (jf  his  other  lahonrs  was  also  duly  i  tcognized. 

Till  he  was  past  fifty,  Dr.  Lindley  was  wont  to  say  tliat  he  never  kuew 
what  it  was  to  feel  tired  either  in  body  or  mind.  His  tirst  illncsa  was 
the  result  of  his  arduous  duties  as  a  juror  of  the  Great  Exlnbition  of  1851, 
but  a  few  months*  rest  seemed  to  restore  him  to  his  usmd  health.  L'ntor- 
tunatcly,  much  against  the  wish  of  his  family,  he  undertook  the  charge  of 
the  Colonial  Department  of  the  Exhibition  of  IHG2,  and  though  constantly 
ailing  he  reluscd  to  abandon  his  poat,  and  carried  ila  dutio'^  stirressfully  to 
a  close.  The  cifort  was  too  great.  His  mental  and  physical  powers  re- 
ceived a  shock  from  whicli  they  n«  ver  recovered.  lie  was  compelled  to 
rchuquisih  all  active  employment,  though  his  bodily  health  remained  good 
till  the  1st  of  November  in  18fj5,  when  he  was  carried  off  by  apoplexy 
in  lu:i  sixty-seventh  year.  The  date  of  his  election  into  the  lloyal  Society 
is  January  17,  1828. 

John  William  Lubbock  was  born  ^VFarch  26,  1S03.  11  is  fntlier,  the 
second  baronet  of  his  name,  was  at  the  liead  of  the  banking  and  menaniilc 
firm  of  Lubbock  and  Co.  The  son,  though  of  a  tender  cojistitution,  was 
partly  educated  at  Eton,  and  was  then  placed  under  the  care  of  Dr.  (after- 
wards Bishop)  Maltby.  Here  he  might  have  made  progress  in  the  classic?, 
but  his  turn  had  been  towards  exact  science  from  his  earliest  years.  His 
father  had  intended  him  for  Oxford,  but,  at  his  own  earnest  request,  he 
was  placed  at  Triuitjr  College,  Cambridge,  iu  1821.  The  continental  ma- 
thematics had  been  recently  introduced  into  general  study,  and  Mr.  Lub- 
bock, percdving  their  superior  power  as  means  of  invest igationt  spent  his 
first  long  vacation  at  Parisj  and  became  a  confirmed  follower  of  that 
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school.  Even  in  his  own  piHr,  h*s  reading  was  very  much  directeU  to  the 
sul>jpcrs  of  his  subsequent  career  ;  and  he  had  no  motive  to  seek  unirer- 
wty  honours  a  meaiT?  of  success  in  life.  Accordingly,  in  the  Tripos  of 
1825,  he  obtained  no  higher  place  than  that  of  first  of  the  senior  Optimes, 
though  his  power  and  reading  as  a  mathematician  were  well  known*. 
This  commencement  was  of  a  character  which  lasted.  8ir  John  Lubbock 
was  throughout  life  engaged  in  following  up  a  special  scientific  panaitt 
which  wn<^  his  main  business  as  an  infestigatory  as  it  had  been  his  main 
study  at  the  University. 

On  leaving  college  he  spent  a  short  time  in  travelling,  and  on  his  return 
commenced  a  life  of  business  as  a  partner  in  his  father's  house,  and  a  life 
of  Bciantific  inquiry.  He  joined  the  Astronomical  Society  in  1828«  and  our 
Soeietj  in  1829.  In  this  year  he  was  also  a  member  of  the  committee  for 
the  Diffusion  of  Useful  Knowledge,  on  which  he  worked  for  many  yean. 
The  establishment  of  the  *  British  Almanac '  in  1827  owed  much  to  his 
superintendence  ;  and  this  work  stimulated  his  attention  to  the  theory  of 
the  tides.  In  the '  Companion '  for  1830  appears  his  first  scientific  writ- 
ings a  descriptive  memoir  on  the  tides.  It  is  tlie  most  precise  account  of 
the  eaisting  state  of  the  subject ;  its  history  has  dates,  and  its  explana- 
tions have  formulas.  Mr.  Lubbock  was  the  coUeagoe  of  Whewell  and 
others  in  calling  nttc  ntton  to  the  necessity  of  olKserratton  of  the  tides.  In 
1834  the  Boyal  Medal  was  awarded  to  him  for  his  researches  on  the  subject. 

In  1833  he  married  a  daughter  of  I4ieot.-Gol.  Hotham.  He  was  the 
finl  Vke>ChaneeUor  of  the  Unifernty  of  London,  a  Treasurer  of  the  Great 
Eihibitkm  of  1851,  a  Visitor  of  the  Greenwich  Obaervatorf,  and  a  member 
of  Yarioos  scientifie  commissions.  He  was  Treasurer  and  Vice-Fresldent 
of  the  Boyal  Society  from  1830  to  1835,  and  again  from  1838  to 
1845.  At  his  father's  death  he  was  left  the  onlj  working  partner;  and 
lus  rdgn  of  sole  management  included  the  panics  of  1847  and  1857. 
His  cBtranee  Into  the  house  was  marked  by  the  panic  of  1825,  in  which 
the  linn  weathered  with  honour  a  mn  of  unprecedented  sererity;  the 
se»ereat  competitiTe  eiamiaatlon,  says  one  of  the  joums]%  which  a  bank 
ever  stood.  Shr  J.  Lubbock  never  Uked  business,  but  he  attended  to  it 
with  perfect  regularity.  His  esily  mornings  and  e?enuig|i  were  devoted 
to  science,  but  not  without  exciting  remark.  In  the  day  which  has 
gone  by,  a  man  of  business,  or  a  professional  man,  was  required  to  abstain 
from  every  thing  useful  in  private  life  or  ornamental  in  society.  He  might 
spend  leisure  in  sportbg^  in  eardi^  in  smoking,  In  eatmg  and  drinking^  or 
in  talking  politics ;  but  not  in  promoting  science,  nor  in  any  unselfish 
addition  to  social  pleasure.  He  might  listen  to  musw,  but  woe  to  the  banker 
or  the  physician  who  should  sing  or  play  the  violin  in  company.  Sir  J. 
Lubbock  is  one  of  an  eminent  band  who  have  driven  this  paltry  prejudice 

*  It  ifl  neoeMwcy  to  ei^Iain  to  tboae  who  are  not  oonne(^  with  Oambndgo  that 
llda  triple  miperiative!,  Fini  BmU>r  Opfime,  nMsas  the  bead  of  the  amd  dasi  of 
ttimnity  bonour*. 
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out  of  society.  There  is  extant  a  letter  of  his  (Oct.  30, 1840)  to  a  busi- 
ness associate,  wlio  had  remonstrated  ia  ihe  usual  way.  "There  is,"  he 
say?,  "one  circtunstance  which  gave  me  much  paiu  in  a  leiler  you  wrote  to 
mv  late  father  some  time  since.  You  alluded  to  my  position  as  Trea>urer 
and  Vice-President  of  the  lloyal  Society  .  .  .  But  if  by  rising  cfii  ly  and 
late  taking  rest,  or  if  in  hours  which  others  devote  to  society  or  sports 
of  the  held,  1  rlioo^^e  to  investigate  questions  in  astronomy,  or  in  any 
Other  science,  I  do  not  consider  that  any  of  the  corrcspondi  nts  of  the 
house  are  warranted  in  adJresi^ing  to  me  my  reproach.  I  submit  these 
remarks  to  your  friendly  consideration.** 

After  his  father's  death  he  withdrew  almost  entirely  from  society,  and 
resided  at  High  Elms,  in  Kent.  Here  he  showed  that  there  w  as  time  left 
from  the  wants  both  of  business  and  of  science.  He  was  a  fanner,  and 
his  sonthdowns  and  shorthorns  (in  which  Lord  Althorp  himself  did  not 
take  more  pride  than  he)  earned  off  many  prizes.  He  planted  choice 
shrubs  and  trees,  especially  conifers ;  he  kept  up  three  Tillage  schools ;  and 
he  instructed  his  own  children  in  mathematics.  The  old  man  of  (nothing 
but)  business  might  shake  his  head  and  say»  Ah!  that  house  will  never  stand 
what  it  stood  under  old  Sir  John :  but,  nevertheless,  it  ke])t  up  both  credit 
.  and  confidence,  and  jobed  another  old  bank  in  1860.  The  firm  of  Eo* 
harts,  Lubbock,  and  Co.  has  fully  answered  all  expectations.  By  this  Jniio<« 
tion  Sir  J.  Lubbock  had  intended  to  give  himself  comparative  leisure  ;  fhr 
fifteen  years  he  had  nerer  been  away  from  business  for  three  oonsecutiTe 
days.  The  leisure  was  gained,  but  the  power  using  it  was  gone ;  the 
work  of  two  lives  was  a  run  upon  the  strength  of  one  whidi  ended  in 
Mure.  He  became  a  suffnwr  ftom  gout»  and  the  last  five  yean  of  hii 
life  were  marked  by  inoreasiDg  debility.  He  died  January  20»  1865»  the 
immediate  eauae  being  Yal?ular  disease  in  the  heart.  He  often  said  he  had 
done  his  work  and  was  quite  ready  to  go.  He  leaves  behind  him  the  memory 
of  an  upright  and  benevolent  maoj  utterly  free  ftom  selfseeking,  and  devoted 
to  high  pursuits  by  high  moral  motives  and  strong  intellectual  impulses. 

Sir  J.  Lubbock's  researches  in  the  lunar  and  planetaiy  theories  date 
from  the  year  1632 ;  his  separate  work,  *  On  the  Theory  of  theMoon  and  on 
the  Perturbations  of  the  Planets,'  was  published,  the  principal  portion,  dui^ 
ing  the  years  1834  to  1638,  but  there  are  supplementary  parts  up  to  1650. 

In  the  lunar  theory,  as  otigmally  establisfaied  by  Chdraut,  the  true  longi- 
tude of  the  moon  is  taken  as  the  independent  variable ;  and  Lai^aee  waa 
of  opinion  that,  on  account  of  the  nu^tude  of  the  lunar  inequalities,  this 
ivas,  in  iket,  the  only  safe  course ;  it  was  accordingly  adopted  by  him  in 
his  own  researches,  and  also  in  Damoi8eau*s  memoir,  in  the  uapublished 
memoir  of  Carlini  and  Plana,  and  ,in  Plana*8  great  work  on  the  lunar 
theory.  The  time  or  mean  loncitude  of  the  moon,  and  tlie  radius  vector 
and  latitude,  are  in  the  llr<t  iubtaucc  obtained  in  terms  of  the  true  lonj^i- 
tude  of  the  moua,  aiiJ  then  by  reversion  of  series,  the  true  longitude, 
the  radiu^i  vector,  and  the  latitude  are  expressed  in  terms  of  the  time. 
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Bill  in  tbe  theories  ai  Iiipkce  and  Batnouetnt  the  ooeffidente  of  the 
eewel  ineqiulities  are  pretenled  in  an  unrednoed  form,  inrolfuig  denomi- 
naton  and  anziliaiy  quantities,  which  it  is  aesumed  aie  to  he  calculated 
nnmoieally,  and  by  meani  of  them  the  final  numerical  Talnee  of  the  eoelB* 
cienti  are  obtained.  In  Plena's  work,  on  the  contrary,  the  coefficients  are 
presented  completely  derdoped  in  powers  and  products  of  e,  e\  y,  m  (the 
cxeentric^eeof  the  two  orbits,  the  tangent  of  the  inclination,  and  the  ratio 
of  the  mean  mottoos)  with  ooefficients,  which  are,  of  course,  absolutely 
determinate  numbers. 

Tlie  results  so  presented  constitute,  to  the  degree  of  approximation 
preserred,  a  complete  algebraical  solution  of  the  problem  ;  thev  are  deter- 
minate results,  iu  no  wise  dc]jcndeiit  for  their  truth  ou  ihe  cuavtigcucy  of 
the  series,  and  they  are  of  course  absolutely  independent  of  the  particular 
process  made  use  of  for  obtaining  them.  They  are  conse(juently  results 
obtainable  by  the  adoption  of  the  time  as  the  intlt  jitadeut  variable ;  and 
tliia  i&f  in  fact,  the  course  followed  by  Lubbock — viz.,  taking  the  time  as 
the  independent  variable,  lie  obtains  directly  the  expressions  of  the  true  lon- 
gitude, laliUiJe,  and  radius  vector  in  terms  of  the  time ;  expressions  strictly 
com])arable  with  those  of  Plana,  and  which,  but  for  the  different  significa- 
tioiia  ui  the  e  and  y  in  the  two  theories,  would  be  identical  iherewitii.  The 
advantatre  of  Lubbock's  method  is  its  directness;  the  expressions  fur  the 
Kolar  1 1  Ktrdln.'ites  arc  in  both  theories  ^iven  in  the  first  instance  by  the 
elliptical  theory  in  terms  of  the  time,  and  in  Lubbock's  theory  they  are 
p.-erl  in  that  form  ;  whereas,  in  the  theory  of  Clairaut,  they  have  to  be 
transformed  into  functions  of  the  true  longitude  of  the  moon,  and  the  so 
transformed  expressions  are  used  in  the  calculation  of  the  time  and  the 
radius  vector  and  latitude  of  the  moon  in  terms  of  the  true  longitude ;  and 
there  ie,  finally,  the  laborious  reversion  of  series  whereby  the  co-ordinates 
of  the  moon  are  expressed  in  terms  of  the  time. 

The  rt^earches  on  the  tides  are  not  easily  described.  They  consist  in  the 
main  of  the  application  of  the  existing  theory  to  masses  of  observation, 
Sir  J.  Lubbock  was  the  first  who  introduced  to  the  fullest  extent  the  plan 
of  conaohdating  the  results  of  all  the  observations :  Laplace  took  chiefly 
those  made  at  the  times  when  the  irregularity  under  investigation  was  near 
its  maximum.  A  dear  account  of  Lubbock's  mode  of  proceeding  is  given 
by  Mr.  Aiiy  in  his  arttele  on  the  tides  (§  489^91)  in  the  'Bncydo* 
]Medin  Metropolitana/  We  may  mention  that  the  man  of  business  was  in 
this  matter  a  valnable  colleague  of  the  man  of  science.  Mr.  Lubbock's 
idationB  with  the  late  Ifr.  Solly,  Chainnan  of  the  London  Dock  Com- 
pany, procured  him  access  to  the  observations  made  at  the  docks  through 
a  golden  number  of  years  (1806-1826).  We  should  rather  say,  procuied 
him  the  knowledgL;  of  the  existence  of  the  obserrations.  Hr*  Solly,  we 
sre  sure  from  knowledge,  would  gladly  hare  communicated  his  infbnnation 
to  any  inquiitr ;  and  the  Board  woidd  have  given  hearty  assent,  Bui 
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numj  inTCstigotors  might  hm  |>aaied  a  life  in  the  subject  without  irriTing 
at  the  fact  that  the  obserratioua  existed. 

In  a  separate  work  on  the  heat  of  vapours  and  on  refraction  (1840), 
the  assumption  is  that  the  absolute  heat  of  a  gas  may  be  represented  by 
A  +  B  X  (temperature).  A  relation  between  pressure  and  temperature 
is  then  deducecl,  tlie  constants  of  which  can  be  determmed  by  joint  obser- 
\ntiotis  of  pressure  and  temperatnre.  The  obsemttioos  of  Arago  and 
Dulong  (Mem.  Inst.  x.  2.il),  and  of  Ure  (Phil,  Trans.  1818),  are  thns 
sati.'^ru  (1.  Kniploying  the  observations  of  Gay-Lossac  (Conn,  des  Temps, 
1811),  lio  dcdiRes  a  formula  for  the  calculation  of  heiglits  by  barometrical 
observalion,  and  then  proceeds  to  the  subject  of  refraction.  In  this 
matter,  to  a  p:reat  exti nt,  he  follows  Ivory.  The  investigation  is  never- 
theless new  and  peculiiu,  and  the  conclusions  are  icuiarkable.  The  results 
of  Lubbock's  theory  and  Bessel'sTablt  s  are  almost  identical.  Down  to  G.'*  ^ 
of  zenith  distance  the  difference  is  not  0 '-01  ;  nor  from  thence  to  87^  does 
it  ever  amount  to  1"*0 ;  at  85  it  k  10.  It  would  requnc  a  very  krgc 
number  of  observations  to  discriminate  between  them.  It  aj>pears  there- 
fore that,  from  the  assumi)ti<)ii  ihftt  the  dilVereaces  of  absolute  heat  in  a  gas 
are  directly  proportional  to  tlic  iliilt  rence  of  tenij)erfttnie,  Lubbock  has  built 
np  a  theory  apjreehi^i  witli  observation,  all  his  constants,  with  the  exceplioik 
of  one,  being  dctcrnnned  independeuLly  of  astronomical  obBervatious.  His 
theory  also  givo<  n  value  of  the  horizontal  refraction  nrrreeing  closely  with 
the  best  detei  ininritioMs  of  that  quantity.  His  atmosphere  is  a  limited  one 
of  about  twenty-two  miles. 

About  the  year  1830  Mr.  Lubbock,  jointly  with  Mr.  Drinkwater 
(Bethune),  wrote  a  tract  of  thirty- two  pages  on  *  Probability '  in  the  Library 
of  Useful  Knowledge.  This  most  excellent  little  work  ranks  as  the 
earliest,  and,  its  size  considered,  the  best  of  the  modern  English  introduc- 
tions to  the  subject.  Of  late  years  it  has  become  almost  a  rule,  in  citing, 
this  work,  to  insist  on  the  authorship.  A  binder  put  Mr.  De  Morgau*s 
name  on  the  outside  of  a  large  issue ;  and  though  for  more  than  fifteen 
years  every  channel  of  publicity,  from  the  *  Times  *  newspaper  downwards, 
has  been  employed  to  correct  the  mistake,  entire  success  has  not  yet  been 
obtained.  This  work,  though  perfectly  elementary,  has  that  taste  of  the 
higher  methods  which  those  who  arc  familiar  with  them  can  infuse  into 
common  algebra.  Mr.  Lubbock  showed  his  familiarity  irith  LaplaoOi 
before  any  one  in  Britain,  by  two  papers  in  the  Cambridge  Transactions 
(vol.  iii.  part  1),  on  the  calculation  of  annuities^  and  on  comparison  of 
tables.  At  the  time  of  publication  there  was  no  actuary,  except  Mr. 
Benjamin  Gompertx,  who  could  hare  read  them :  the  state  of  things  is 
now  different,  and  the  papers  hate  been  reprinted  in  the  Assurance 
Magazine  (vol.  ix.).  In  the  same  Tolume  is  an  illustration  of  the  way  in 
which  the  doctrine  of  probability  applies  in  ereiy  subject  It  is  a  paper 
contributed  by  Sir  J.  Lubbock,  on  the  deariog  of  the  London  hankers. 
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B J  obwmtkm  U  was  ascerUmed  that  the  daily  diiFerence  at  tbe  ekaring- 
bowse,  the  money  actnallj  wanted  to  halanoe  the  demands  of  thoie  who 
are  to  leeeiTe  and  those  who  are  to  yaj,  is  only,  one  day  with  another, 
J029,<NM>.  To  meet  daily  eontingendes,  the  hanks  keep  in  the  Bank  of 
England  halances  which  amount  to  from  2}  to  3  millions.  Sir  J.  Lubhock 
leeommenda  that  the  clearing  bslance  shoold  he  paid  ont  of  a  common 
fund,  which  wonld  put  the  hanks  so  far  in  the  position  of  being  one  con- 
ficfn»  and  would  enable  them  to  employ  a  large  part  of  the  sums  they 
mnst  now  leave  idle.  The  goodness  of  the  adrioe  is  manifest.  This 
paper,  the  last  we  beliere  of  Sir  J*  Lubbock's  writings,  begins  with 

Atqne  equidem,  titremo  ni  jam  sub  fine  iabonun 

T(Bk  tnjuun,  et  ttrria  ftstiiMin  advertero  pronuOf  hs,  Ao^ 

and  ends  with  a  similar  prediction  in  English.    For  some  years  he  had 

began  to  feel  that  his  end  was  approaching ;  and  though  it  turned  out 

that  his  life  wm  to  be  presen  ed  to  his  family  and  his  friends  for  a  few 

jears  longer,  the  prophecy  was  but  too  well  founded  as  to  his  scientific 

career. 

JoBV  BICHA1I08ON  was  bom  on  the  5thof  Korember,!  787>  in  Domfries, 
of  which  town  his  father,  Gabriel  Richardson,  was  an  influential  and  highly 
respected  inhabitant.  This  gentleman  was  a  Magistrate  of  the  county  and 
serersl  times  Provost  of  Dumfries. 

A  great  philosophical  poet  has  said, 

"  The  child  it  father  of  the  man." 

The  sentiment,  judging  from  what  is  recorded  of  young  Kichardsou,  is 
pectiliarlv  appropriate  to  him. 

1  he  influences  by  which  lie  was  suiiomulcfl  in  inlancy  were  all  of  a 
happv  kind,  and  well  ndnpted  to  the  (levclopmcnt  of  those  qualities  for 
which  in  his  varied  and  adventurous  lile  he  was  distinguished.  Some  of 
these  may  1)l  briefly  adverted  to. 

The  rough  sports  and  exercises  of  schoolboys  tending  to  invigorate  the 
frame,  and  in  which  he  wns  ])rceminent  for  activity  and  enterprise,  may 
have  conduced  to  that  bodily  strength  and  power  of  endurance  which  served 
him  so  well  in  manhood, — so  well,  indeed,  that  even  ]j('yon<l  the  middle 
term  of  life  he  had  been  known  to  say  lie  scarcely  knew  tatigue. 

Of  the  higher  influences,  those  affecting  the  mind,  the  moral  character, 
the  cbieft  no  doubt,  were  such  as  were  exercised  over  him  by  his  nearest 
relations  :  of  these,  his  mother  and  niatcrnal  grandmother,  women  of 
actable  worth  and  ability,  may  deserve  the  fir^t  mention,  they  being  his 
earliest  instructors.  The  latter  lived  at  a  charming  spot,  Rosebank,  in 
the  neighbourhood  of  the  town.  Tlicre  as  a  schoolboy  he  was  always  glad 
to  go  on  a  holiday;  and  there  his  love  of  the  beautiful  in  nature  appears 
to  bare  been  formed.  Early  he  had  been  heard  to  express  a  hope  that 
there,  where  he  had  SO  much  enjoyment,  he  might>  if  spared,  be  able  to 
retire  and  end  his  days* 
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A  great  living  example  of  high  and  fervid  intellect  cannot  but  affect 
the  mind  of  youth.  Such  was  Bums  to  him  :  Burns  was  often  at  Mr. 
Bichardson*s  house,  a  welcome  guest,  both  whilst  he  lived  in  Nithsdale 
and  later  in  Dumfries,  till  his  death  in  1796.  It  happened  that  his 
eldest  son,  Kobert,  a  boy  of  great  intellectual  promise^  and  yovng  Richard-  - 
ion,  both  of  the  same  age,  were  entered  at  the  grammar  school  on  tba 
same  dny,  and  it  is  remembered  that  the  Poet  on  that  occaabn  said  pUjr- 
fully,  I  wonilcr  which  of  the  two  will  be  the  greatett  man/'  It  was 
during  his  Bchool«period  that  young  Biehardson  first  read  the  '  Faerie 
Qneene/  and  it  waa  of  Bums  that  he  borrowed  the  book.  Half  a  century 
later  he  was  present  at  the  National  FestiYal  held  in  honour  of  the  Poet 
in  Edinburgh  in  1859 ;  and  he  then  expressed  the  great  pleasure  he  had 
in  his  recollections  of  him,  particularising  how  on  one  of  the  Sunday  even* 
ings  ButnSf  when  at  his  father's  house»  celled  his  attentioA  lo  some  of  the 
paraphrases  in  his  Bible  which  he  most  admired,  two  of  which  he  re- 
quested the  boy  to  get  by  heart  and  repeat  to  him :  of  these,  one  wsa  fbr> 
gotten,  the  other  was  the  66th,  beginning  "  How  bright  these  glorioui 
spirits  shine/' 

Eariy  he  gaye  proof  of  a  quick  and  precocious  mind.  He  could  read 
well,  it  is  reported,  at  the  age  of  fbur.  He  was  then  placed  at  a  prepara^ 
toiy  sehool,  and  two  years  later  at  the  grammar  school,  taught  by  Mr. 
Gray,  better  known  afterwards  as  a  man  of  letters  in  Edinburgh,  and  one 
of  the  Masters  there  of  the  High  Sehool.  This  was  in  1793.  In  1801, 
when  only  fourteen,  he  was  sent  to  the  Unifersity  of  Edinburgh,  where 
thus  early  he  began  his  Medical  Studies,  which  were  continued  during  two 
years,  and  then,  when  only  sixteen,  he  received  the  appointment  of  House 
Suigeon  in  the  In6nnary  of  his  native  town,  the  duties  of  which  he  per- 
formed for  nearly  two  years.  He  now  returned  to  Edinburgh,  and  shortly- 
after  passed  an  examination  before  the  College  of  Surgeons  and  received 
the  diploma  of  Surgeon.  In  the  foUowinsr  year,  liaving  just  reached 
eighteenth  yeni,  Le  entered  the  Royal  Navy  as  Assistant  Surgeon.  The 
war  at  that  time  was  raging  in  all  its  intensity,  and  proniotion  ilicn  rapidly 
rewarded  iiu  rit.  In  a  year  he  was  advanced  to  a  Surgeoncy.  This  was  after 
he  luul  been  employed  in  a  boat  night  attack,  loi  which  he  had  volunteered, 
on  a  French  brig  of  war  in  ihc  Tagns.  During  the  remainder  of  the  war 
his  services  were  various — in  the  Baltic  in  the  second  expedition  against 
Copeiihagen,  on  the  western  coast  of  Africa,  in  the  Mediterranean,  on  tlic 
western  coast  of  Spain,  in  the  North  Sea,  and  again  in  the  Baltic,  on  the 
coast  of  America,  on  tlie  Canadian  Lakes;  and  lastly,  dnriii^  tlir  short 
war  with  the  United  States  in  ISM,  he  was  present,  attached  to  a  marine 
battalion,  at  the  taking  of  Cumberland  Island  and  the  town  of  St.  Mary's 
in  Georgia. 

Shortly  after  the  peace  he  retired  on  half-pay,  and  engaged  in  private 
practice  at  Leith,  where  (in  1818)  he  married  the  second  daughter  of  W. 
Stivcn,  Esq.,  of  that  town.   The  leisure  he  had  there^  and  the  vicinity  of 
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Leith  to  Edinburgh,  enabled  him  to  continue  h'n  medical  and  other  allied 
studies,  of  which  Botany  was  especially  a  favourite.  Iii  1817  he  passed 
his  examinations  and  took  ihe  degree  of  M  I).  Two  years  later,  when  aa 
expedition  vrm  fitted  out  hy  Government  to  explore  by  land  the  nortliern 
coast  of  America,  under  tlu  command  of  Lieut.  Franklin,  R.N.,  he  volun- 
teered liis  serrices,  aad  receired  thd  appointment  of  Surgeon  and  Naturalist 
to  the  party. 

This  was  the  beginning  of  that  career  in  which  he  so  distinguished  him- 
self ;  and  it  was  also  the  beginning  of  that  frieadship  with  Sir  John  Frank- 
lin, of  which,  twenty-nine  yeara  allerwards,  he  gave  such  a  chivalrous  proof  • 
in  taking  the  command,  at  his  own  request,  of  the  overland  expedition,  at 
that  time  fitted  out  by  the  Government,  to  go  in  quest  of  the  '  Erebns ' 
and  '  Terror/  the  meluicboly  history  of  which  ahip^,  of  their  gallant  crews, 
and  heroieal  commander  can  never  be  forgotten. 

The  aoaonnt  of  the  first  Expedition,  under  the  title  of  "Narrative  of  a 
Joamey  to  the  PoUtf  Sea  in  the  years  1819,1820, 1821, 1822,"  by  Franklin, 
amply  ahowi  what  an  important  part  Biehardion  took  in  it:  and  tli  iiulebt* 
ednesa  of  its  commander  to  him  for  the  manner  in  which  he  performed  hie 
dntiea  and  afforded  his  Chief  amtance  is  most  amply  acknowledged .  Apart 
hom  the  wied,  valuable^  and  enrions  information  collected  relative  to 
npaoM  and  tribes  of  people  before  little  known,  much  of  the  narnitiTe« 
tspeoalfy  that  pathetic  portion  descriptive  of  privations  and  saffierings»  and 
that  pnrt  eontributed  by  Bichardson  relative  to  the  stem  duty  of  depriving 
a  fellow  ereatnre  of  life,  who,  there  was  the  strongest  proof,  had  fhifeited 
it  by  tlie  murder  of  an  officer  of  the  party,  with  a  farther  design  on  the 
lives  of  others*  cannot  be  read  without  a  feeling  of  emotion  blended  with 
admnwtion  for  what  was  endured  and  done. 

Daring  the  remainder  of  his  long  period  of  service  as  a  Naval  Medical 
Officer,  terminating  in  his  retirement  in  1655,  he  never  was  employed 
afloat.  He  had  first  charge  of  the  Melville  Hospital  at  Chatham,  and 
afkerwaurds,  when  promoted  to  the  rank  of  Inspector  of  Naval  Hospitals  and 
Fleets,  that  of  Haslar  Hospital.  His  position  now  was  peculiarly  finronr- 
sUe;  fot,  in  affording  facxUties  for  prosecnting  his  studies — he  was  always 
a  student—especially  in  natural  history  ;  and  secondly,  as  contributing  to 
bis  comfort,  and  probably  health  ;  for  he  was  the  victhn  of  sea-sickness,  a 
malady  from  which  he  had  increase  of  suffering  with  advancing  age,  lat- 
terly even  to  the  cndancreriug  of  life.  Always  remarkahle  for  industry  and 
power  01  uppiicaUou,  liiese  qualities  were  telrikingly  displayed  whilst  in 
ineiiiLa!  charge  of  each  of  those  hospitals,  liis  special  duties  were  not  a 
little  oiicrous,  yet  by  making  the  most  of  his  time,  he  was  able  to  contri- 
bute largely  to  tho  advancement  of  science  in  its  natural  history  and  geo- 
graphical depiirtnirnts,  of  which  his  successive  publications  aiiord  the  best 
proof — those  pulilications  for  which  a  Iloyal  Medal  was  awarded  him  by  the 
Council  of  tliis  Sor  it  ty  in  1856,  ten  years  after  heliiul  rpccived  the  honour 
of  Knighthood  conterred  on  him  by  the  Queen  in  acknowledgment  of  his 
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distinguished  wnrice;  he  had  previously,  %  12.,  in  1H:>),  had  tlip  honour 
conferred  on  him  of  Commander  of  the  Bath.  It  would  be  out  of  j)lacc 
here  to  dilate  od  his  prof^■s^io^al  attainments ;  but  it  should  not  be  passed 
over,  as  showing  how  he  blended  science  and  medicine,  that  to  him  chiefly 
the  Medical  Department  of  the  Navy  is  indebted  for  the  Moieam  which 
is  established  at  Ilaslar,  and  to  which  he  largely  contributed. 

If  fortunate  in  his  position,  he  was  not  len  so  in  the  estimation  in  which 
he  waa  held  by  the  authorities  in  power.  Hence,  when  Sir  John  Franklin 
had  to  prepare  for  his  second  expedition  to  the  shores  of  the  Polar  Sea,  he 
again  received  the  appointment  which  he  had  in  the  first.  In  consequence 
moreover  of  the  great  confidence  placed  in  him,  he  waa  entrusted  with  a  separ 
rate  and  important  charge*  that  of  exploring  the  coast  between  the  Mae* 
kenzie  and  Copper  Mine  rivers,  and  later,  with  the  sole  command  of  the  pnrtj 
sent  to  the  same  r^ion  in  quest  of  his  friend  on  the  occasion  of  Sir  John 
Franklin's  last  and  fatal  exploring  enterprise.  A  just  appreciation  of  what 
he  accomplished  in  both  instances  can  be  formed  only  by  the  pemsalof  the 
two  works  in  which  these  Expeditions  are  described ;  one,  "The  Narrative 
of  a  second  Expedition  to  the  Shores  of  the  Polar  Sea  in  the  years  1825, 
1826,  and  1827 ; "  the  other  entitled  Arctic  Searchmg  Expedition :  A 
Journal  of  a  boat's  voyage  through  Rupert's  Land  and  the  Arctic  Sea  in 
iearch  of  the  Discovery  Ships  under  the  command  of  Sir  John  Franklin, 
with  an  Appendix  on  the  Physical  Geography  of  North  America."  Both 
which  works,  one  by  Franklin,  the  other  by  Bichardson,  were  published 
by  authority. 

This  second  expedition,  under  the  command  of  Sir  John  FrankliD, 
affords  a  remarkable  contrast  to  the  first, — that  so  disastrous  in  its  results 
as  regards  human  suffering  and  loss  of  life,  this  so  successful,  at  least  in 
(heie  rdations  and  the  amount  of  information  obtabed, — mainly  owing  to 
the  better  arrangements  made  for  the  provisioning  and  conveyance  of  the 
party,  forewarned  by  the  experience  gained  in  the  first ;  during  the  whole 
time  not  a  life  was  lost,  nor  was  there  any  amount  of  pnvatton  experienced 
even  temporarily  endangering  health*. 

In  his  last  expedition  in  quest  of  his  friend,  in  wliich  greater  dilheulties 
and  dangers  were  encountered  than  in  the  preceding,  the  same  good 
fortune  as  to  the  preservation  of  lu  alth  and  life  was  experienced.  The 
engaging  in  this  undertaking  by  Kiciiardson  was,  indeed,  as  before  sei  l,  a 
chivalrous  act  and  the  strongest  proof  that  could  be  given  of  devuied 
friendship.  It  should  be  remembered  that  he  was  then  entering  his  sixty- 
first  year,  that  he  separated  himself  from  a  happy  home  and  from  cluldren 
he  tenderly  loved,  and  this,  let  it  not  be  forgotten,  witit  the  entire  sanction  of 
his  wife,  she  fully  eutcriiig  into  and  appreciating  his  noble  sense  of  duty. 
That  the  Government  should  have  accepted  his  ofiVred  services  was  what 
might  be  expected ;  for  whom  could  they  have  selected  for  zeal  and  knowledge 

*  Afivr  Fmtitliii  liiul  left  his  pwirtj,  on  his  n  tuni  he  v,qs  informed  oi  the  (k-nth  of 
one  mim  belonging  to  it  from  aocideot,  and  of  another  from  pulmonary  cousumption. 
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better  qualified  for  the  search? — resting  on  the  belief  they  liad  come  to, 
that  Franklin,  accordinfir  to  his  instructions,  would,  as  was  nl  to  wards  proved 
(proved  Ijv  the  relics  discuvcrcd,  and  as  liicliardson  was  confident), 
auciiipt  tlie  North-west  Passage  by  Lancaster  Sound — that  passage  which, 
after  Franklin,  was  more  happily  accomplished  first  by  Sir  Robert  M'Clure, 
and  then  by  Sir  Leopold  M'Clintock — this  the  crowning  reward  of  the  \wi 
efforts  which  for  a  series  of  years  aud  at  an  enonuous  cost  had  been  so 
heroically  nuuU  ,  to  the  c  udui  ing  credit  of  OUT  country,  for  determining  the 
great  L^t'i  jgrapliical  jirolilem  of  the  Northwest  Passage. 

The  account  of  this  siarch,  as  published  in  two  volumes  in  1851,  is,  in 
accordance  with  its  title  of  Journal,  minute  in  details,  ainl,  from  its  minnte- 
aess,  very  instructive  and  deserving  of  study,  abounding,  as  it  docs,  in 
varied  information  in  relation  to  the  geology  of  the  country  passed  tljrnuj^h, 
\''*  natural  productions  and  inhabitants — a  model,  in  brief,  of  the  journal  of 
a  scientific  traveller  well  trained  by  laborious  experience,  and  of  which  the 
Talu'f  must  increase  as  the  regions  it  treats  of,  e^pecinlly  the  Lake  Districts 
of  Canada  and  the  territory  of  the  old  Hudson's  lift^  Uompanj,  become,  as 
they  deserve,  more  resorted  to  and  colonized. 

On  his  return  from  this  expedition  he  resumed  his  duties  at  Hnslar  Hos- 
pital, where  he  continued  until  he  tendered  his  resignation  in  1B55.  He 
then  retired  with  hia  family  to  the  Lake  District  of  WeatmoreUmd,  where, 
at  Ijoen^  in  Easedale,  in  the  neighbourhood  of  Orasmere, — a  apot  sur- 
passing eren  in  bemtjr  the  longed  for  retrettt  Boaebankj  the  aspiration  of 
his  bojisii  dajs, — ^he  passed  the  remetning  years  of  his  life,  which,  when 
he  was  apparently  in  perfect  health,  was  suddenly  tenntnated,  by  what  was 
iofeired  to  hare  been  apopleiy^on  the  6th  of  June^  1865,  in  his  77th  year. 
He  was  buried  in  Grasmere  chorchyard,  the  borying-place  of  the  greatest 
of  the  Lake  Poets,  Wordsworth. 

This  period  of  his  retirement,  the  complement  of  his  distinguished  career^ 
was  one  of  almost  unchequered  enjoyment,  and  would  have  been  com- 
pkieljr  so,  bnt  for  the  loss  of  one  of  his  children,  his  eldest  daugh- 
ter. Active  as  ever  with  unimpaired  faculties,  whilst  he  recreated  himself 
with  gardening  he  devoted  much  of  his  time  to  his  favourite  pursniti^ 
natiml  hirtory,  and  latterly  philology,  for  which  he  had  always  a  pre- 
^leelioii.  Here  he  edited  Yarrell's  *  British  Fishes,*  the  last  edition, 
'  which  he  enriched  with  many  additions ;  and  here  he  wrote  his  history  of 
Arctic  and  Antarctic  research,  bearing  the  title  of  *<The  Polar  Begions,*' 
a  work  eapedally  renarknhle  for  erudition,  candour,  and  mastery  of  the 
soibfecty  and  for  undertaking  which  he  was  so  eminently  ptepnred  and 
<|imiifi6d  by  the  eiperienoe  he  had  gained  in  hia  three  exploring  ex- 
peditioBi.  Though  ao  occupied,  he  seemed  always  to  hare  leiamre  and 
tone  aft  command ;  he  waa  always  ready  to  g^e  his  profeasional  aid  to  any 
of  the  poor  people  in  the  neighbourhood  wanting  medical  advice;  and 
hnving  been  appointed  a  magistrate  of  the  county,  he  performed  the  re- 
qmicd  duties  in  hia  habitual  oonacientious  and  aealoos  manner* 
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one  qnnlity  more  tbrrn  anollier  })r('ilnminated  in  the  well-balaneed 
faculties  of  this  excellent  man,  it  was  his  modestj  with  freedom  liom  pn* 
tearion.  This  is  ithkingly  displayed  in  words  of  his  own,  written  down, 
but  never  spoken,  on  the  occasion  of  his  receiving  the  Royal  Medal 
awarded  him,  as  already  mentioned,  in  1856.  We  give  them  with  the 
hope  that  they  may  serve  as  m  indtement  to  othttri,  who  think  hamhly 
of  themselves,  to  follow  his  example. 

**  More  than  the  usual  period  allotted  to  one  generation  has  long  paiied 
away  since,  through  the  circumstance  of  mj  being  appointed  Snigeon  to 
a  small  body  of  Arctic  explorers,  I  had  to  travel  over  a  eomitry  reaehing 
from  the  great  American  lakes  to  the  ij>Iands  of  the  Arctic  Sea,  and  embim' 
cbg  more  than  the  fourth  of  the  distonce  from  the  equator  to  the  pole, 
which  had  never  before  been  visited  by  a  professed  naturalist.  I  peroeivud  at 
once  the  magnitode  of  the  field,  and  comprehended  at  a  glance  that  it  was 
fn  beyond  my  gftsp.  The  only  prerions  trainmg  I  had  ms  the  littlo 
natural  sdeuce  Uiat  I  bad  learnt  at  my  northern  Alma  Mater  as  a  ooUa- 
tend  branch  of  my  medical  education,  but  I  thought  that  I  could  at  least 
record  what  I  saw;  and  I  determined  so  to  do  as  intelligently  as  I  could 
and  without  ex^geratioii,  hoping  in  this  way  to  (urnish  Acts  on  which  the 
leaden  of  scienoe  might  resson,  and  thus  promote  the  progress  of  Natural 
History  to  the  extent  of  my  limited  ability.  This  was  the  rule  I  followed 
during  the  eight  years  that  I  paised  in  those  countries  actually  engaged  in 
the  leveral  expeditions."  His  concluding  words,  too,  we  are  tempted  to 
give,  distincttve  as  they  are  of  a  quality  of  his  illustrious  frfeud*  Sir  John 
Frankhn,  which,  with  other  graeiotts  onei,  gamed  him  the  regard  of  all 
who  had  the  happiness  of  aerring  mder  him. 

I  cannot  Ibibear  adding  one  word  to  my  thanks  fat  the  very  high 
honour  which  I  have  appeared  before  you  to  receive — it  is  an  expression 
of  mournful  roijrret  that  your  late  member,  mv  old  and  dear  friend  and 
cciniiKintliii'::;  officer  in  the  Expeditions  of  Discovery,  does  not  survive  to  Wit- 
ness this  ilay.  He  would  have  rejoiced  v,itli  iiniuixetl  fcatisfaction  at  your 
ap}jreciation  of  my  labours.  Iiom  him  1  received  every  assistance  iu  col- 
lecting specimens  that  was  in  his  power  to  give  ;  his  sympathy  encouraged 
me,  and  his  claims  which,  as  commanding  officer,  he  might  hare  to  the 
reputation  ot  wliatever  was  done  by  one  of  his  subordinates,  he  houuiij  ably 
and  cheerfully  ceded  to  him  who  diJ  the  work,  in  m\  cw'-c  as  in  others.  80 
that  ( ontributious  were  made  to  science,  no  pergonal  interests  were  allow ed 
to  inLtricre.** 

Besides  the  works  already  mcntioncrl,  he  was  llir*  author  of  the  *  Fauna 
Boreali-Americana,'  of  7Aii)\()'j:icn\  Appondiccs  to  tlir  Vovaires  of  Parry, 
Ross,  and  Back,  of  Zooh  int  al  l{i>|uirt^  au  l  Contributions  to  tlie  British 
Association  (or  the  AdvnuceirK  lU  nf  S('i(  tu  e,  of  which  Association  he  was 
an  old  member  and  a  regular  attendant  at  its  meetings,  and  the  article 
"Ichthyology"  in  the  last  edition  of  the  Encyclopo'dia  Ikitannica. 

He  was  elected  a  Ifellow  of  the  Boyal  Societjr  in  1825   he  received  tha 
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lionofuy  degree  of  Doetor  of  Civil  Law  from  the  UniTernty  of  Dablia  at 
the  time  of  the  Meeting  of  the  British  Aeeociatbn  In  that  city  in  1857 ; 
he  was  an  hoDorary  Fellow  of  the  Bojal  Society  of  Edinburgh,  and  he 
beloi^ed  to  many  foreign  Sodetiei,  European  and  American. 

He  was  three  times  married,  first,  as  already  related,  to  ithe  daughter  of 
Wm.  Stiyen,  Esq.,  who  died  in  1831  ;  secondly,  to  the  only  daughter  of 
John  Booth,  Esq,,  the  niece  of  Sir  John  Franklin;  she  died  in 
leaving  him  five  children,  of  whom  three  are  surviving,  a  daughter,  married 
since  his  decease  to  Cliarles  Reynolds,  Esq.,  and  two  sons,  one,  the  eldest, 
a  Captain  in  the  Royal  Artillery,  the  other  a  Lieutenant  in  the  Royal  Kn- 
gineers ;  thirdly,  to  the  youngest  daughler  of  Archihald  Fletcher,  Esq., 
Advocate,  of  Liluilmr^h,  in  1847,  his  survivinj]^  widow,  to  whom  the  |>lace 
of  hid  retirement  belonged,  and  where  she  still  resides. 

*nic  life  of  Admiral  William  Henry  Smyth  comprises  such  a  field  of 
arduous  labour  and  successful  result,  that  we  must  confine  ourselves  to  the 
merest  sjTiopsis.  Forty  years  a  member  of  our  Society  (from  June  15, 
182(5),  and  all  that  time  engaged  in  works  ^vhich  brought  hi2:h  reputation, 
his  conrtpxinn  with  the  Society  was  confined  for  tlie  most  jjart  to  j^ersniial 
exertion  on  the  Council.  The  benefits  which  he  conferred  on  the  naval 
service,  on  a>tro:ioiu  v,  mi  geography,  and  on  archaeology,  must  be  recorded 
in  detail  in  in  uo  appropriate  places  than  this  record. 

He  was  born  January'  21,  1788.  TTis  father  was  an  American  loyalist, 
aiul  a  descendant  of  Captain  John  Smith,  the  colonizer  of  Virginia.  lie 
entered  the  Xavy  in  1805,  and  wa??  nrtively  enga^d  until  1815  in  the 
Indian  seas,  run  I  tm  the  coasts  of  Spain  and  Italy.  Here  he  had  his  full 
S'hare  of  adventure  and  of  danger  ;  and  it  was  during  this  first  period  that 
his  love  of  surveying  developed  itself,  and  attracted  the  notice  of  the 
AdtTiiralty.  From  1817  to  1S21  he  was  engaged  in  that  great  survey  of 
the  Mediterranean — the  greatest  scientific  survey  ever  planned  and  com- 
pleted by  one  individual — which  is  now  recorded  in  two  hundred  charts, 
and  is  the  admiration  of  the  naval  world.  By  this  unexampled  result  of 
mtelligencc  and  industry  he  won  high  reputation  and  the  approbation  of 
the  Government,  shown  by  grant  of  permission  to  accept  a  foreign  order. 
Una  was  the  only  public  acknowledgement  which  he  ever  receiTcd^  so  far 
ta  we  can  learn. 

His  naval  career  ended  in  1824  ;  but  for  many  years  he  was  employed 
in  the  completion  of  his  charts.  In  1828  he  settled  at  Bedford,  and  from 
thence  until  1 842,  either  at  Bedford  or  OardifiF^  he  varied  his  pmrsnita  by 
doie  attention  to  the  astronomy  of  double  stars  and  other  extra-meridional 
pnranita.  His  well-known  "  Cyde  "  haa  done  much  to  quicken  a  taate  for 
a.«tronomy  among  naval  men. 

The  last  years  of  his  life  were  passed  near  Aylesbury.  His  friend  the 
lale  Dr.  Lee  had  purchased  his  instruments,  and  had  attached  a  small  ob- 
sematoiT  to  Hartwell  House.   Admiral  Smyth's  residence.  Si.  John's 
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Lodge,  was  within  a  short  walk  of  this  obserratoiy;  and  to  the  end  of  his 
life  (September  9,  1865)  he  was  engaged  in  occasional  observation.  Ilis 
long  list  of  scientific  titles  might  be  supported  by  as  long  a  list  of  published 
works,  independently  of  scientific  memoirs.  His  books  on  Sicily  and  Sar- 
dinia, bis  life  of  Ca]>taiii  Beaver,  his  accounts  of  his  own  cabinet  of  Roman 
coins  and  of  thnt  of  the  Duke  of  Northumberland,  his  works  on  the  anti- 
quities of  Hartwell,  his  account  of  the  Mediterranean,  and  others,  are  read 
with  pleasure  and  profit.  But  perhaps  the  most  remarkable,  as  the  moat 
professional  and  the  most  characteristic,  is  the  long  series  of  articles  which 
he  contributed  to  the  United  Serrioe  Journal.  In  this  series,  running  over 
more  than  twenty  jears,  he  has  discussed  almost  evei^  possible  nantieal 
subject.  He  was  emmentlj  a  collector ;  and  a  Nautical  Dictionaiy,  of  a 
very  wide  character,  is  now  in  the  press  under  the  care  of  a  lady  who  was 
for  fifty  years  his  scientific  colleague  as  well  as  his  dcToted  wife. 

An  extended  account  contained  In  the  last  annual  report  of  the  Royal 
Astronomical  Society  will  render  further  detail  unneceasaiy.  We  give  m 
few  words  to  the  personal  qualities  of  our  subject.  Admiral  Smytib  was 
one  of  thoie  men  who  are  the  cement  of  all  the  associations  to  which  they 
belong.  His  genial  manners,  and  the  full  reliance  which  all  placed  on  his 
good  faith,  his  kindness,  and  his  activity,  did  much  to  promote  unity  and, 
when  such  a  thing  arose,  to  prevent  misunderstanding  from  becoming 
serious  disagreement.  The  compound  of  the  jolly  seaman — no  o^her  word 
will  do — ^the  educated  sdiolar,  and  the  kind-hearted  gentleman,  which  ap- 
peared in  Admiral  Smyth  Is  far  beyond  any  charaeter-painting  but  that  of 
the  dramatist  or  the  novelist.  A  man  is  known  by  his  associates  ;  and 
when  persons  of  the  most  different  dispositions  and  temperaments  are  united 
through  life  in  pursuit  of  good  objects,  there  must  be  a  wmething  which 
keeps  them  top;ether;  and  that  somethnig  must  contain  benevolence  of 
feeling  in  large  measure.  If  the  world  were  searched,  it  would  hardly  be 
possible  to  produce  U»ui  :?pt(  iim  iK  of  mankind  so  very  diflferent  aa  rrancis 
Baily,  Richard  Sheepshanks,  John  Lcc,  and  ^Villiara  Henry  Smyth,  and  it 
would  be  as  difficult  to  jiroducc  four  men  who  lived  in  more  cordial  luti- 
macy  and  friendship  broken  only  by  death. 

JoHANN  Franz  Encke,  For.  Memb.  R.S.,  was  born  on  the  2,3rd  of  Sep- 
tember, 1 79 1 ,  at  Uamburg,  where  his  lather  was  pastor  of  St.  James's 
Clmrch.  After  passing  through  the  Gymnasium  of  Ilamburc,  he  entered 
the  University  of  G«irfingen  in  the  autumn  of  1811.  11*  rt  lie  remained 
pursuing  his  studies  under  the  direction  of  (jauss  till  the  sprmg  of  1813, 
when  his  patriotism  imi)elled  him  to  take  part  in  the  war.  He  served  in 
Hamburg  till  the  place  fell,  and  afLerwartl'^  in  ^fpeklenh^r^r,  as  Sergeant- 
IMajor  in  the  Horse  Artillery  of  the  llanseatic  Legion,  in  which  he  remained 
till  June  1814.  He  then  resumed  his  studies  in  Gottingen,  but  was  again 
called  awny  by  the  events  of  ISi.i.  He  now  entered  the  Prussian  service, 
holdiug  a  commision  as  Second  Lieutenant  in  the  Artillery«  and  during  the 
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gKiter  part  of  the  time  he  rem«iiied  in  it  vm  statioiifd  in  the  fortress  of 
Thorn.  He  quitted  the  Frussien  sendee  In  Mareh  1816,  and  in  the  follow- 
ing July  became  assistant  to  von  Lindenau  in  the  Obaenratofj  of  Sceberg. 

He  was  appointed  Tice-Dliector  of  the  Observatory  in  IB20,  and  Director 
en  the  retirement  of  von  lindenau  ui  Jolj  1822.  His  works  on  the 
tiansito  of  Venus  of  1761  and  176P  were  published  in  1822  and  1824 
respectively.  A  supplement  to  the  latter,  rendered  necessary  by  the  dis- 
covery made  by  von  Littrow,  that  Hell  had  tampered  with  the  original  ob» 
servatioos  made  by  himself  at  Wardhus,  appeared  in  the  Transactions  of 
the  Berlin  Academy  for  1835.  In  1819  he  published  his  identification  of 
the  comets  observed  by  Mechain  and  Messier  on  the  1 7th  of  January,  1 786, 
ly  Miss  Herschd  on  the  17th  November,  1795,  by  Pons  on  the  20th  of 
October,  1805,  and  again  by  Pons  on  the  26th  of  November,  1818.  This 
eomct,  to  which  £ncke*s  name  has  been  given,  hsTing  a  periodic  time  of 
shoot  1207  days,  was  observed  on  the  3rd  of  Jane,  1822,  at  ParamatU  by 
Biimker*  The  discussion  of  sH  the  observations  led  Encke  to  the  conelu- 
sion  that  the  only  way  of  reconciling  them  was  by  the  supposition  of  a 
resisting  medium  by  which  the  times  of  its  revolutions  are  successively 
kasened.  One  of  the  Royal  Medab  of  the  Society  for  the  year  1 828  was 
awarded  to  him  for  this  investigation.  He  had  already  (in  1825)  been 
elected  s  Foreign  Member. 

In  1825  he  was  called  to  Berlin  as  Profeiiw  of  Astronomy  in  the  TJni- 
venity  and  Director  of  the  Obserratory.  In  his  hands  the  Berlin  Ephemeris 
received  many  improvements,  of  which  he  gave  an  account  in  the  Trans- 
actions of  the  Berlin  Academy  for  1827.  He  superintended  the  publication 
of  this  work  ftom  the  volume  for  1830  to  that  for  1852,  when  he  was 
issisted  by  Professor  Wolfers  till  the  pubUcation  of  the  volume  for  1863, 
after  which  the  latter  became  sole  editor.  The  volumes  contain  numerous 
suj)plement8  by  Encke  on  the  perturbations  of  planets,  the  method  of  least 
squares,  mechanical  quadratures,  the  solution  of  numerical  equations,  the 
form  and  dimensions  of  the  enitli,  and  many  papers  on  the  correction  of 
the  errors  of  astronomical  instruments. 

The  Observator)',  a  tower  dating  from  1711,  being  unsuitable  for  the 
reception  oi  iixed  insti  uiiients,  and  in  a  bad  situntion,  at  von  Humboldt's 
laggestion  a  new  Observatory  was  erected  oii  a  plan  ai  proved  of  by  Encke  ; 
faid  on  the  11th  of  October,  1835,  he  observed  the  position  of  llalley'a 
eomct  with  the  large  equatoreal  mounted  in  its  place  in  the  new  Observatory. 
The  observations  made  hero  were  published  in  four  quarto  voIuhics  UeLwcen 
the  years  1^  10  and  18.)/.  He  is  the  author  of  upwards  of  one  hundred 
itparate  works  and  memoirs  dating  from  1812  to  1860.  The  latter  are 
contained  chieily  in  the  '  Zeitsclirift '  of  von  Lindenau  and  Bolmenljerger, 
von  Zach's  '  Correspondauce  Astrouoraique,'  Bode's  and  Encke's  *  Jahr- 
bdcher,'  the  *  Astronomische  Nachrichten,'  and  the  *  Sitzungsberichte  * 
and  '  AbhandluuL'en '  of  the  Berlin  Academy. 

In  1859  he  suUered  irom  an  apoplectic  attack,  brought  on,  it  is  suppo^. 


by  excessire  mental  exertion.  lie  obtained  leave  of  absence  from  the 
Obseiratory  in  tbe  spring  of  1863,  and  resigned  his  post  fts  Director  cai  ly 
iii  18()1.  He  passed  the  rrmaiiidcr  of  liii  life  in  the  midst  ot"  his  fiucily 
at  8j)auflau.  Ilis  judgnuuL  and  memorj'  remaiiud  unimpaired  till  withiu 
a  few  weeks  of  his  end.    lie  died  on  the  26th  of  August,  lb65. 

Adolf  Theodou  von  KrPFri:u,  For.  Memb.  R.S.,  was  born  at  Mitau, 
in  Courlnnd,  where  his  father  was  a  merchant,  on  the  6tli  of  January  (Old 
Style),  1 799.  At  the  age  of  «i\teen  lie  entered  the  University  of  Dor})at  as 
a  medical  student,  but  remained  there  onlv  a  few  months.  In  1810  he 
entered  the  University  of  Berlin,  also  as  a  medieul  student,  but  the  sfndy 
of  medu  iiir  l)eeo!niiig  distasteful  to  him,  he  aj)pHed  himself  to  the  ma- 
thematical and  physical  sciences,  and  to  mineralogy,  under  the  direction 
of  Weiss.  In  181 9  he  went  to  the  University  of  Gottingen,  and  in  1820  to 
Paris,  where  he  attended  Haiiy*s  lectures  on  Mineralogy.  He  established 
himself  in  St.  Petersbciig,  where  he  lectured  on  mineralogy  in  the  winter  of 
1821-1822.  In  the  spring  of  1822  he  was  appointed  Professor  ot'  Physics^ 
Chemistry  and  Mineralogy  in  the  University  of  Kasan,  and  at  the  same 
time  commissioned  to  visit  Paris  for  the  purpose  of  procurinpr  a  collection 
of  pliysical  instruments.  While  there  he  competed  successliilly  for  a  prise 
proposed  by  the  Academy  of  Berlin  for  an  essay  on  the  measurement  of  the 
angles  of  crystals.  In  concert  with  Arago  be  planned  a  scries  of  ohserva- 
tioDS  on  the  daily  variation  of  the  magoetio  decUnatioii,  and  the  disturb- 
ances of  the  declination,  at  Kasan.  He  entered  upon  the  duties  of  his 
Professorship  in  June  1823,  devoting  the  time  not  occupied  in  teaching  to 
eiystallography  and  magnetism.  In  April  1628  he  was  sent  on  a  icientifie 
miiiion  to  the  Ural,  the  resnlu  of  which  were  published  in  1834.  Thef 
consist  mainly  of  geological  obserrattonst  the  discovery  of  new  loealitiee  of 
some  scarce  mineials,  and  of  many  determinations  of  the  temperature  of  the 
soil,  made  conjomtly  with  Adolf  Erman. 

Having  been  ele<^  a  member  of  the  Imperial  Academy  of  Sdenoei^  be 
went  to  reside  m  8t.  Petersburg  in  August  1828.  Early  in  1829  he  suggested 
to  the  Academy  the  erection  of  a  small  magnetic  observatory.  The  projeot 
was  warmly  supported  by  von  Humboldt,  who  happened  to  be  in  8t« 
teisbutg  on  his  way  to  the  Ural  and  Altai.  It  was  approved  of  by  the 
Academy,  and  the  building  commenced  before  the  end  of  the  year.  In  tlie 
sommer  of  1829  he  was  placed  at  the  head  of  a  scientific  pnrty  engaged 
in  exploring  a  part  of  the  Caucasus  near  Mount  Elbrus,  into  which  no 
Enropean  had  ever  penetrated  before,  and  where,  for  the  protection  of  the 
travellen  against  the  native  tribes,  they  were  aceompanied  by  a  strong 
escort  of  troops  under  the  command  of  Genend  Immanuel,  the  General  in 
command  of  tiie  Caucasus,  who  had  planned  the  expedition. 

At  this  period  he  lectured  at  the  School  of  Civil  Engineering,  the  Piida- 
gogische  Institut,  and  the  Academy  for  Naval  Othcers,  and  was  ensm«>ed 
in  writing  Uia  '  iluudbuch  dcr  rcchncudcn  huysiaiiumctrie,*  which  appcarcJ 
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ia  1831.  In  1835,  Coont  Cancrien,  the  Minister  of  Fiiiance,  at  Kupffer'i 
lanrgestion,  oonaented  to  the  establishment  of  small  magnetic  observntories 
at  Catherinenburg,  Banuml,  NertachMwk,  Sitka,  and  Helsiagfors,  subse* 
qoentl/  at  Tiflis  and  Momsow,  and  lastly  at  Pekin.  The  obsmations  for 
the  years  1835-1846  were  published  in  the  'Annuaire  magnctique  et 
Tneteorologiqiie  da  corps  des  Ingc^nieurs  des  mines  de  Rusaie.'  All  these 
obeetratorics  were  y)]aced  in  1843  under  the  direction  of  a  central  institu* 
tioD,  the  f  hyaicai  Obserratory  of  St.  Petersburg,  where  the  yarious  obaer^ 
▼etknis  were  reduced  and  edited,  and  magnetical  and  meteorological  instru* 
menCs  were  kept  for  the  use  of  membersiof  scientific  expeditions.  Kopffer 
was  placed  at  the  head  of  this  establishment,  and  ceased  to  lecture.  In 
order  that  he  might  devote  all  his  eneiigies  to  the  dntieB  of  his  new  office. 
The  eoQeeted  ohserrBtioiis  for  the  years  18,47-1858  baye  been  published  in 
the  '  Annales  de  rObserratoire  phTsiqae  central  de  Busne.'  Daring  the 
latter  jeaurs  of  his  life  he  was  actiTclj  engaged  m  establishing  telegraphic 
commanication  with  foreign  obserratories*  for  the  purpose  of  gamg  storm- 
s^nala  at  stations  on  the  coasts  of  the  Bossian  empire. 

In  1841  he  edited  an  account  of  the  labours  of  a  Commission,  of  which 
he  was  a  member,  appointed  to  fix  the  standards  of  measure  and  weight  of 
the  Bossian  empire.  Besides  comparing  the  standards  of  Bostia  with  those 
of  manj  other  oountrien^  the  commissioners  redetermined  the  weight  of  a 
giren  folnme  of  water,  one  of  the  most  important  constants  of  nature,  with 
a  precision,  in  all  probability,  hitherto  unequalled. 

The  first  Tolume  of  his  researches  on  the  elasticity  of  metals  (£tude 
expMmentale  de  la  fleiion  et  des  oscillations  transrersales  des  lames  ^hs- 
tiques)  was  published  in  1860.  The  second  Tdame,  containing  expcri* 
tneots  on  metals  produced  in  the  Bussian  furnaces,  and  the  third,  on  the 
elasticity  of  torsion  and  rotatory  osdllatioD,  are,  it  is  believed,  still  un* 
published.  He  was  elected  a  Foreign  Member  of  the  Boyal  Society  in 
1846. 

A  chin,  caused  by  exposure  to  cold  while  superintending  the  erection  of 
a  self-recording  anemometer  on  the  roof  of  the  Physical  Observatory, 
brought  on  an  attack  of  ^hoid  fever,  of  which  he  died  on  the  4th  of  June 

1865. 
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Jamuay  II,  1866« 
Lieutenant-General  SAB1N£|  President^  in  the  Ciiair, 

Tbe  followiug  commuuicatiua  wa^  read - 

"On  tbe  Colouring  and  Extractive  Matten  of  Urine. — Vtii  IJ* 

By  LuwAKD  ScuuNCiv^  F.R.S.    Received  June  29,  1865. 

(Abstract.)  . 

Notwlthittnding  tlie  labour  bestowed  by  many  emioeni  men  on  tiie 
dieiiiutij  of  vine  dniing  tbe  last  sixty  years,  tbere  are  portions  of  tbe 
sabjeet  of  wbieh  we  bave  but  a  very  imperfset  knowledge.  Of  all  tbe 
properties  oCnrme,  none  is  more  obvions,  e?en  to  tbe  ordinary  obserTer, 
tbaa  its  eoWnr  $  and  yet  veiy  litUe  b  known  eonosming  tbe  ebenieal  na- 
Ine  of  the  snbetanees  to  wbieh  its  eolonr  is  due.  Onr  ignoianee  in  tbii 
ifipeet  magr  be  ascribed  to  wioas  causes,  amoqg  wbieb  may  be  mentioned 
tbe  ettremely  minute  quantities  of  tbeie  substanoes  occurring  ia  the  se- 
cietiony  the  facility  with  wbieb  some  of  them  are  decomposed,  their  ebe* 
■icil  and  physical  properties  (which  present  to  OUT  notice  very  little  that 
ii  charaeteiiBtie),  and,  lastly,  the  Uttle  interest  which  tbey  possess  Ibr  the 
chemist,  notwitlistaading  their  importance  from  a  physiological  and  patho- 
logical point  of  -view.  According  to  tbe  author,  the  ooburing-matters 
peediar  to  wrine  may  be  divided  into  three  cksses,  vis.^ 

1st.  Those  which  are  only  Hound  oeessionally  in  it,  in  conseqnence 
either  of  disease  or  of  some  abnormal  stato  of  tbe  system. 

2ndly.  Those  which  sie  produced  by  spontaneous  decomposition,  or  by 
the  action  of  reagents  on  substances*  either  coloured  or  colourkss,  pre« 
distingtn  the  urine* 

Srdiy.  Tbe  coloaring-matter  or  matters  occurring  in  normal  urine,  and 
to  wbidi  its  usual  eolonr  is  due. 
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Mr.  E.  SchuDck  on  the  Colouring  [Jan.  1 1^ 


The  tint  class  is  agun  sabdivided  bj  the  author  into  blue^  purple  or 
red,  and  bkck  or  browa  ooloiiring-matteni.  The  appeaiaoce  of  a  blue 
oolouring-inatter  in  urine  haa  been  frequciuly  obterved,  both  in  ancient 
and  modem  times*  By  some  it  has  been  taken  for  indigo-blue,  by  otfaen 
for  Prussian  blue,  while  seyenL  chemists  maintain  that  it  consists  of  a  pe- 
culiar substance,  to  which  the  name  of  eymnovaine  has  been  applied.  The 
red  colouring-matter  is  generally  found  in  association  with  deposits  of 
urate  of  ammonia  and  urate  of  8oda>  to  which  it  communicates  a  pink  or 
carmine  tinge.  Proust  called  it  rosacic  acid^  while  recent  observers  have 
given  it  otlior  names,  such  as  uroerythrine  and  purpurine.  Very  little  is 
known  regarding;  its  true  chemical  nature.  Prout,  indeed,  suggested  that 
it  might  be  identical  with  purpuratc  of  ammonia  ;  but  he  advanced  no 
good  grouuds  in  support  of  this  view,  and  it  was  proved  to  be  erroneous 
by  Berzelius.  Instances  oi  Ijlack  urine  are  even  of  rarer  occurrence  than 
those  of  urine  coloured  blue.  Indeed  in  many  cases  the  black  colour 
appears  to  have  been  due  to  it  J  or  purple  pigments  which  communicated 
to  the  urine  so  deep  a  tint  as  to  make  it  appear  black.  The  hiclninc  acid 
of  Prout  seems,  however,  to  have  been  a  peculiar  substance,  though  closely 
rcsembimg,  as  remarked  by  Berzelius,  the  black  pulverulent  substance 
which  is  formed  by  the  action  of  concentrated  acids  on  the  extractive 
matters  of  urine. 

The  second  class  of  urinary  colourinjj-matters,  comprising  those  which 
are  formed  by  artificial  means  and  therefore  do  not  preexist  in  the  secre- 
tion, may  also  be  subdivided  according  to  colour — those  wliich  have  hitherto 
hern  observed  being  either  blue,  red,  or  brown.  The  author  concedes 
to  lit  Her  tlie  merit  of  bavinir  tir-t  ohtaiucd  from  urine  hv  artificiul  nieaits 
coloiu  iii;i-inatters  of  a  pure  blue  or  red  tint ;  but  the  tnn  nnuire  of  tliese 
colouring-matters,  as  well  as  of  the  process  by  which  t  liey  are  formed,  was 
not  understood  by  him.  Subsequent  researches  iiave  proved  that  the 
uroglaucine  and  urorhodine  of  Ileller  are  identical  with  the  indigo-blue  and 
indigo-red  obtained  from  vegetables.  After  mentioning  the  expcrimcuts 
of  Hsssall,  who  observed  the  formation  in  morbid  urine  of  a  blue  colour- 
ing-matter which  he  showed  to  be  indigo-blue^  the  author  refers  to  his 
own  researches.  In  a  paper  published  several  years  ago,  he  showed  that 
urine  contained  as  a  never-failing  constituent  a  body  closely  resembling  if 
not  identical  with  indican,  the  indigo-producing  body  of  TCgetables,  aiul 
that  hence  the  formation  of  indigo-blue  and  indigo-red  from  urine  might 
easily  be  explained.  Tliis  result  has  been  confirmed  by  Carter  and  others. 
The  formation  of  brown  colouring-matters  by  the  action  of  adds  on  urine 
was  first  observed  by  Proust,  who  obtained  by  this  means  a  brown  resinous 
body  and  a  black  pulverulent  sul)stanoe.  The  same  or  similar  bodies 
were  obtained  by  Scbarling  and  Liebig,  as  well  as  the  author,  who  gave  a 
general  account  of  them  in  the  memoir  just  referred  to.  The  simultaneona 
formation  of  glucose,  or  at  least  td  a  body  having  the  same  actkm  on  oxide 
of  copper  as  glucose,  is  a  fact  first  observed  by  Uie  author.  From  an  exa* 
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■uoatioii  of  the  compoAtaon  of  the  brown  palverulent  substance  resulting 
from  the  action  of  strong  acids  on  urine,  the  author  infers  that  it  may  he 
espicoed  by  the  formuU  C^^  NO^,  which  is  also  that  of  anthrauilic 
tad,  a  product  of  deoompositiou  of  indigo-blue.  AU  these  prodacta  (the 
lab,  the  brown  pnlferalent  eabstance  which  has  received  the  name  of 
uromelamne^  and  the  glucose)  are,  in  the  author's  opinion,  derived  from  the 
atnctiTe  matter  of  orinet  which  by  decomposition  with  acids  yields  these 
nd  perliapi  other  products.  The  conclusion  funnerl y  arrived  at  by  the 
author,  vis.  ^  tlitt  the  indigp-prodaciog  body  will  be  found,  as  regards 
its  formation  and  compoiitiOB,  to  occupy  a  place  between  the  substance  of 
the  tissues  and  the  ordinary  extractive  matter  of  urine/'  is  one  which  fnr- 
dier  meaich,  as  the  author  thinks*  has  only  tended  to  confirm* 

The  urinary  ooloaring-matters  belongmg  to  the  third  class»  oonaisting  of 
those  to  whieh  the  ordinary  colour  of  the  secretion  is  dne,  have  been  less  fre- 
quently submitted  to  investigation  than  those  which  make  their  appearance 
only  exceptionally  or  in  consequence  of  some  artificial  process  of  dtecompo« 
ation.  lliiscircumstancemay  easily  be  accounted  for.  These  so-catted  co* 
looring-matters  are  all  amorphous,  and  possess  few  characteristic  properties ; 
bcDoe  their  separation  from  the  other  constituents  of  urine  is  attended  with 
great  difficulties,  and  has  even  been  pronounced  impossible.  They  are  also 
oomponnds  of  very  little  stabtlity«^so  much  so  that  mere  evaporation  of 
the  urine  seems  to  produce  a  complete  change  in  their  composition,  as  is  seen 
by  the  marked  change  of  colour  which  takes  place  during  the  process. 
The  opinions  entertained  on  the  subject  by  the  earlier  diemists,  such  as 
Fonrcroy  and  Vauquelin  and  Proust,  having  been  referred  to,  the  author 
ghnes  a  short  account  of  the  experiments  of  Benelias,  Duvemoy,  Lehmann, 
Seherer,  Harley,  Tichborue,  and  Thudichum.  BeneUus  and  Lehmann 
Iwth  (bund  the  substance  to  which  healthy  urine  owes  its  colour  to  be 
completely  soluble  in  water.  Subsequently,  however,  most  of  the  attempts 
which  were  made  to  isolate  the  colouriog-'matter  of  urine  ended  in  the 
separation  of  snbstances  quite  insoluble  in  water.  These  must  in  all  cases 
hare  been  products  of  decomposition  ;  for  the  author  considers  it  quite  cer- 
tain that  the  colouring-matters  derived  from  urine  which  arc  insoluljlc  in 
water  are  not  contained  as  buch  in  tiie  secretion,  provided  llie  iuUer  is  in 
its  normally  acid  state. 

llavHig  concluded  Ids  isuininai  v  of  the  results  obtained  in  previous  rc- 
iiarcheji,  the  aiulior  proceeds  to  give  an  account  of  his  own  experiments. 
Before  doing  so,  he  states  that  he  shall  apply  tlie  term  "colouring-matter** 
to  tho?c  bodies  only  i.\iucii,  occurring  naturally  in  urine  or  else  formed  by 
proce&jscs  of  decomposition,  are  insoluble  or  not  easily  soluble  in  water, 
while  the  substances  easily  soluble  in  water  to  whicii  the  colour  of  normal 
urine  is  due,  he  sbali  continue  for  the  present  to  call  "extractive  matters.'* 
The  extractive  matters  being,  in  the  author's  opinion,  the  source  whence 
most  of  the  colourins;-matter8  of  urine  are  derived,  he  resolved  to  roni- 
mencc  the  investigation  by  a  careful  ej^amiaation  of  their  properties  and 
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compositiou.  Indeed  the  fir«t  ste|)  which  he  thought  it  necessary  to  take, 
before  proceeding  with  the  iuvestigation  at  all,  wrs  to  ascertain  whether 
these  extractive  matters  ure  bodies  of  a  dt-timtu  cliemical  nature,  or 
whether  they  are  merely  accidental  mixtures  of  various  cxcrenu  iititious 
substances  thrown  out  by  the  sys^tem,  and  differing  in  their  nature  accord- 
ing to  circumstances.  In  order  to  arrive  at  a  positive  coneUision  on  iliis 
point,  several  series  of  experiments  were  undertaken.  The  method  deviled 
for  the  purpose  of  separating  the  extractive  matters  from  the  other  con- 
stituents of  urine,  and  obtaining  them  in  a  state  of  purity,  presents  few 
feaiur«i  of  novelty  as  compared  with  those  previously  employed.  The  ex- 
periments necessarily  oceupied  a  conaiderable  time,  since  the  author  cun- 
ridered  it  essential,  in  order  to  avoid  decompoeition,  to  evaporate  all  the 
lolutions  at  the  ordinatj  temperature  by  means  of  a  onireat  of  air.  The 
certainty  of  the  coodonons  amTed  at  afforded,  howeverj  ample  compen- 
sation for  the  loM  of  time  and  additional  labour  thus  occasioned.  The 
compoiition  of  the  extractive  matters  wai  determined  by  analyzing  tk^ 
lead  compounds,  since  the  subatancea  tbemselvea  cannot  be  obtained  in  a 
state  fit  for  analyos. 

From  the  experiments  described  in  this  part  of  his  paper  the  author 
thinks  he  ia  jnatified  in  drawing  the  following  conclusions : — 

1*  Human  urine  contains  at  least  two  peculiar  and  distinct  extractive 
matters,  one  of  which  is  soluble  in  alcoh^  and  ether,  while  the  other  ia 
acdnble  in  alcohol,  but  insoluble  in  ether.  The  eziatence  of  an  extractive 
matter  insoluble  both  in  alcohol  and  in  ether  u  extremely  doubtful. 

2.  The  composition  of  these  extractive  matters  varies  slightly,  without 
any  corresponding  diiference  in  their  appearance  and  properties  being  pei«- 
ceptible ;  hut  these  variations  are  not  due  to  any  difference  in  the  quality 
of  the  urine  or  the  source  wheqce  it  was  derived,  hut  rather  to  the  de- 
composition which  takes  place  during  the  process  employed  in  their  prepa- 
ration, and  which  cannot  be  entirely  avoidedt 

3*  When  quite  pure,  the  extractiw  matter- soluble  in  alcohol  and  ether 
has  a  composition  corresponding  with  the  formula  11^,  NO,^,  while  that 
of  the  extractive  matter  soluble  in  aUH>hol  but  insoluble  in  ether  ii  ex- 
pressed by  the  formuk  C,^  NO^. 

Janwry  18,  I8(»6. 

Lieutenant-Gencral  SABINE,  President^  in  the  Chair. 

The  President  stated  that  Dr.  William  Bird  Heri4)aih,  who  by  reason 
of  non-payment  of  his  annual  contribution  ceased  to  be  a  Fellow  of  the 
Society  at  the  hist  Anniversary,  hud  applied  for  readmission.  The  Statute 
relating  to  tiie  case  \vas  read,  and,  in  accordance  therewith,  notice  was 
given  that  the  question  of  Dr.  Herapath's  readmission  would  be  put  to 
the  vote  at  the  next  meeting. 

The  following  communiovtions  were  read 
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L  ''S^lh  Memoir  on  Radiation  and  Absorption."    By  Prof.  J. 
Tyndall,  F.U.S.    Received  December  21,  1865, 

In  this  pa})er  the  author  coiibiders  the  dLporLnicut  of  certain  adLiitional 
elementary  bodies  towards  Radiant  Heat.  He  exposes  powders  and  liquids 
of  the  same  physical  character,  but  difrei  ing  fVom  each  other  chemically, 
at  a  focus  of  dark  ray^,  and  describes  the  diffiieut  effects  produced.  He 
examines  and  explains  the  experiments  of  Franklin  on  the  absorption  of 
solar  heat,  lie  then  determines  the  radiative  power  of  a  great  number 
of  substances  iu  the  state  of  fine  powder,  and  finds,  contrary  to  the  current 
belit'f,  that  in  this  state  also  chemical  constitution  exert  i-c  s  ,i  paraii.ouut 
iiiiiuence.  The  results  obtained  by  previous  experiments  in  connexion 
with  this  subject  are  illustrated  and  explained.  The  reciprocity  of  radia- 
tion and  absorption  ou  the  part  of  fine  powders  is  also  illustrated.  It  is 
moreover  shown  that  the  heat  emitted  from  different  sources,  at  a  tem- 
perature of  100*^  C,  varies  in  quality,  this  being  proved  by  it^  une(jual 
transmission  tlitdugh  jjlatcs  of  rotk->alt  of  jtcrfect  purity.  The  ab.'^orptiQa 
bj  such  plates  varies  from  4  to  30  per  cent,  of  the  incident  radiation. 

II.  "On  the  Spectrum  of  Comet  1,  1866."   By  William  Uuggims, 
F.B.S.    Received  January  11,  1866. 

The  successful  apjdication  of  prismatic  analysis  to  the  light  of  the  ne- 
bula showt  J  the  great  importance  of  subjecting  the  H^ht  of  comets  to  a 
similar  exannnnlion,  especially  as  we  possess  no  eerinui  knowledge  of  the 
intimate  uaturc  of  those  sin^;ular  aud  enigmatical  bodies,  or  of  the  cosmi- 
cal  relations  which  they  sustain  to  our  system.  The  importance  of  a  pris- 
matic analysis  of  cometary  light  is  enhanced  by  the  consideraiion  of  the 
gpneral  resemblance  which  some  of  the  nebulse  present  to  the  nearly  round 
vaporous  masses  of  which  some  comets,  iu  some  positions  at  least  in  their 
orbits,  appear  to  consist, — a  resemblance  which  suggests  the  j)ossibie  ex- 
istence of  a  close  relation  between  nebulous  and  cometary  matter. 

I  made  several  unsuccessful  attenijjts  to  obtain  a  j)ri3niatic  ohser\'ation 
of  Comet  1,  1861.  The  position  of  the  comet  and  the  weather  were  un- 
favourable. M.  Donati  succeeded  in  making  an  examination  of  the  spec- 
tram  of  this  comet.  '*  It  resembles,"  snys  M.  Donnti,  "the  spectra  of  the 
metals  ;  in  fact  the  dark  portions  are  broader  tlian  those  which  are  more 
bHiiinouSy  and  we  may  say  these  spectra  arc  composed  of  three  bright 
Uncs"*. 

Yesterday  eTeiung»  January  %  l^66»  X  observed  the  spectrum  of  Comet 
*  MontUj  Koticea,  Bojal  Attromomical  Society*  vol.  ut.  p*  114. 
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1,  18t)6.  The  telefoope  and  spectrum -apparatiu  which  I  employed  are 
described  in  mj  paper  **  On  the  Spectra  of  aome  of  the  Nebulae  **  *. 

The  appearance  of  this  camet  in  the  telescope  was  that  of  an  oval  nebu- 
loofl  mass  surrounding  a  yeiy  minute  and  not  werj  bright  nucleus.  The 
length  of  the  slit  of  the  spectmm-apparaittB  was  greater  than  the  diameter 
of  the  tdeseopie  image  of  the  comet. 

The  qipearance  presented  in  the  instrument  when  the  centre  of  the 
comet  was  brought  nearly  upon  the  middle  of  the  dit,  was  that  of  a  broad 
continuous  spectrum  fading  awaj  gradually  at  both  edges.  These  fainter 
parte  of  the  spectrum  corresponded  to  the  more  diffused  marginal  portions 
of  the  comet.  Nearly  in  the  middle  of  this  broad  and  faint  spectrum^  and 
in  a  position  in  the  spectrum  about  midway  between  b  and  F  of  the  solar 
spectrum,  a  bright  point  was  seen.  The  absence  of  breadth  of  this  bright 
point  in  a  direction  at  right  angles  to  that  of  the  dispersion  showed  that 
this  monochromatic  light  was  emitted  from  an  object  possessing  no  sensible 
magnitude  in  the  telescope. 

This  observation  giyes  to  ns  the  information  that  the  light  of  the  coma 
of  this  comet  ia  different  from  that  of  the  minute  nucleus.  The  nudeua 
is  self-luminous,  and  the  matter  of  which  it  consisto  is  in  the  state  of 
ignited  gas.  As  we  cannot  suppose  the  coma  to  consist  of  incandescent 
solid  matter,  the  continuous  spectrum  of  ite  light  probably  indicates  that 
it  shines  by  reflected  solar  light. 

Since  the  spectrum  of  the  light  of  the  coma  id  unlike  ihai  which  cha- 
racterizes the  light  emitted  by  the  nucleus,  it  is  cviLleiit  thai  tlie  nucleus  is 
not  the  suurce  oi  the  light  by  which  the  coma  is  rendered  visible  to  us.  It 
docs  not  seem  probable  that  matter  in  the  state  ot  extreme  tenuity  and 
diffusion  ia  which  we  know  the  material  of  the  couue  and  tails  of  comets 
to  be,  could  retain  the  degree  of  heat  necessary  for  the  incandescence  of 
solid  or  liqiud  matter  within  them.  We  must  conclnde,  therefore,  that 
the  coma  of  this  eomct  reflects  light  received  from  without ;  and  the  only 
available  foreign  source  of  light  is  the  sun  f .  If  a  very  bright  comet  were 
to  visit  our  system,  it  misrht  be  possible  to  observe  whether  the  spectra  of 
the  coma  and  the  tail  contain  the  dark  lines  which  distinguish  solar  lie;]it. 
If  the  continuous  s|h  ctrum  of  the  coma  of  Comet  1,  IB66,  be  interpreted 
to  indicate  that  it  sliuu  -  by  reflecting  solar  light,  then  the  prism  gives  no 
information  of  the  statu  of  the  matter  which  forms  the  coma,  whether  it  be 
solid,  liquid,  or  gaseous.  Terrestrial  j^ltenomcna  would  suggest  that  the 
parts  of  a  comet  which  are  bright  by  reiiectiug  the  SUu's  light,  are  pro* 
bably  in  the  conditioa  of  log  or  cloud. 

•  FhiL  Trans.  1861,  p.  421. 

t  This  oondiuio&  is  in  aooordanoo  with  the  xMults  of  obsorTattons  on  the  pokris»> 
tion  of  the  light  of  the  tub  of  some  oomett.   Some  of  theie  obeervitiQiii  appoer  to 

have  bocu  made  with  the  neoessarj  caro.  Soo  J.  P.  Bond's  "  Account  of  ilio  Orart 
Comet  of  1S58,"  Aunals  of  the  Astrouomiml  ObMnratory  of  Har?anl  Colk^ 
vol.  ill.  pp.  3U5-i)10. 
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We  know,  from  obierratioD,  that  the  conm  and  tails  of  comets  are  formed 
from  the  matter  contained  in  the  nucleus. 

The  usual  order  of  the  phenoroeoa  which  attend  the  fonnation  of  a  tail 
appears  to  be  tiiat,  as  the  comet  approaches  the  8iui»  material  is  thrown 
eff,  at  inteiTal%  from  the  nucleus  in  the  direction  towards  the  sun.  This 
material  is  not  at  once  driven  into  the  tail,  but  usually  forms  in  front  of 
the  nndens  a  dense  luminons  cloud,  into  Avhich  for  a  time  the  bright  mat- 
ter of  the  nucleus  continues  to  stream.  In  this  way  a  succession  of  enTe* 
lopes  may  be  formed,  the  material  of  which  al^erwards  is  dissipated  in  a 
direction  opposite  to  the  snn,  and  forms  the  tail.  Between  these  envelopes 
dark  spaces  are  nsoallj  seen. 

If  the  matter  of  the  nudens  is  capable  of  forming  by  condensation  a 
doQiUike  mass,  there  must  be  an  intermediate  state  in  which  the  matter 
ocsaes  to  be  aelf-Inminons,  but  yet  retsins  its  gaseous  state,  and  reflects  but 
*  littfe  ]%bt.  Such  a  non-luminous  and  transparent  condition  of  the  come- 
tiiy  matter  tnay  possibly  be  represented  by  some  at  least  of  the  dark  spaces . 
vbieb,  m  some  cometSi  separate  the  csbud-like  envelopes  from  the  nucleus 
and  fnm  each  other, 

Seversl  of  the  nebnIsB  which  I  have  examined  give  a  spectrum  of  one  Kne 
«nly,  corresponding  in  refrsngibility  with  the  bright  line  of  the  nucleus  of 
ibe  comet  referred  to  in  this  paper.  Other  nebdse  give  one  and  two  fSunter 
fines  besides  this  bright  line.  Whether  either  or  both  of  these  were  also 
present  in  the  spectrum  of  this  comet  I  was  unable  to  determme.  The  light 
ef  the  comet  waa  feeble,  and  the  preaence  of  the  continuous  spectrum  made 
the  detection  of  these  Hues  more  difficult.  I  suspected  the  existence  of  the 
brighter  of  these  lines.  I  employed  different  eyepieces*  and  also  gave 
breidth  to  the  bright  point  by  the  use  of  the  cylindrical  lens,  but  I  was 
aet  able  to  obtain  satisfactoiy  evidcnoe  of  more  lines  than  the  bright  one 
ilicady  described. 

In  my  paper  On  the  Spectra  of  the  Nebnlie,"  I  showed  that  this 
bnght  fine  corresponds  in  rdfrangibility  with  the  brightest  of  the  lines  of 
aitrogen.  This  line  may  perhaps  be  interpreted  as  an  indication  that 
mmetary  matter  consists  chiefly  of  nitrogen,  or  of  a  more  elementary  sub- 
tece  existing  in  nitrogen. 

The  great  varieties  of  structure  which  may  exist  among  comets,  as  wdl 
ii  the  remarkable  changes  which  the  same  comet  undergoes  at  diflerent 
(^hs,  will  cause  all  those  who  are  interested  in  the  advance  of  our  know- 
ledge  of  the  cosmical  relations  of  these  bodies,  and  of  the  gaseous  nebulse^ 
to  wait  witli  some  impatience  the  visit  of  a  comet  of  sufficient  splendour 
ts  permit  a  satisfactory  prismatic  examination  of  the  physical  state  of 
cometary  niatttr  during  the  various  changes  which  are  dependent  upon 
flte  perihelion  pas^e  of  the  comet. 


Digitized  by  Google 


8 


Mr,  Bilfovr  Stewart  on  the 


[Jan.  25, 


January  25,  1866* 
lAeatensnt-General  SABINE,  Pretident,  in  the  Chair. 

In  accordance  with  the  announccnicnt  made  from  the  Chair  at  the  last 
Meeting,  the  President  read  letters  trom  Ur.  William  Bird  TTerapath,  ex- 
plaining the  reason  for  non-pa3'ment  of  his  annual  emit  nl). it  ion  ;  and  the 
question  of  his  readmission  was  put  to  the  vote,  and  was  derided  in 
the  affirmative.  The  President  accordiuglj  declarod  that  Dr.  Herapath 
was  readmitted  into  the  Societjr. 

The  following  conumuiicalion  was  read:— 

**  Note  on  the  Secular  Change  of  Magnetic  Dip,  as  recorded  at 
the  Kew  Observatory."  By  Balfour  Stewart,  M.A.,  LLJ>., 
F.R.8.,  Superintendent  of  the  Obaenratory.  Received  January 
10, 1869. 

The  President  of  this  Society  hm  already  called  the  attention  of  Oaq 
Fellows  to  the  annual  values  of  the  nutgnetic  inclination  at  Toronto,  ns  de- 
duced from  the  monthly  determinations.  In  doin^  so  he  remarked  that 
"  the  general  effect  of  the  disturbances  of  tlie  inclination  at  Toronto  is  to 
increase  what  would  otherwise  be  the  amount  of  that  clement ;  therefore, 
if  the  disturbances  have  a  decennial  period,  the  absolute  values  of  the  in- 
clination (if  observed  with  suffideDt  delicacy)  ought  to  show  in  their 
annual  means  a  corresponding  decennial  variation,  of  which  the  minimum 
•hould  coincide  with  the  year  of  minimum  disturbance,  and  the  maximum 
with  the  year  of  masimum  disturbance."  At  Toronto,  where  the  true 
lecnlar  change  is  very  small,  the  effect  of  this  sujierimposed  vaiiatiOB  is 
▼eiy  visible,  so  that  the  yearly  values  of  the  inclination  appear  to  increase 
np  to  the  peri  or!  of  maximum  disturbance  and  to  deereaae  after  it.  At  Rew 
the  general  effect  of  disturbances  is  probably  the  same  as  at  Toronto — that 
is  to  say,  tending  to  increase  the  inclination  ;  but  the  secular  dmn^re  being 
eonsiderable«  and  tending  to  decrease  the  inclination,  the  joint  effect  of  the 
secular  change  and  the  superposed  vnriation  might  be  expected  to  appear 
in  a  diminution  of  the  yearly  secular  change  for  those  years  during  which 
the  disturbances  are  increasing  from  their  minimum  to  their  maximum 
value,  and  in  an  increase  of  the  yearly  secular  change  for  those  years  during 
which  the  disturbances  are  decreasmg  from  their  maximum  to  their 
minimum. 

The  Kew  records  appear  to  exhibit  a  variation  of  this  nature.  Observao 
lions  of  dip  were  commenced  at  the  Kew  Oboervatoiy  in  1854 ;  and  by 
comparing  a  good  number  of  observations  taken  during  the  latter  motitha 
of  1854,  with  two  cirdea  and  four  needles,  with  observations  taken  with  the 
same  drclea  and  needles  during  the  same  months  of  1 855,  we  obtun  a  yearly 
ijcutar  change  of  2''24. 
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During  the  years  from  1855  to  1R59  inclusive,  monthly  observations 
were  made  with  n  circle  ktiowu  as  the  Kew  circle,  two  needles  being 
nlv^  ays  usedt  9aA  the  mean  oi'  the  two  reftults  takeu  aa  the  true  value  of 
the  dtp. 

From  this  cirde  we  have  t|iM  foUowing  rtiiiUs 


Tenr.  lUm  dip.  YmtI/  leeular  ehaagsi* 

1856.  G«   27-67  ' 

1857.  24-36  3*31 
IS.-iH.  22-80  1-56 
lb5d.  20-73  207 


If  we  take  the  mean  of  these  three  values  of  yearly  secular  change^  and 
also  indude  that  between  1854  and  1 855,  we  hare  a  mean  value  of  yearly 
secular  change,  for  the  period  betweea  1854  and  1859,  amounting  to 
2**29,  and  this  value  will  not  be  sensibly  altered  if  we  omit  the  obaenra- 
tiooe  between  1854  and  1855. 

In  1869  it  was  resolved  to  snbstitute  another  circle  for  the  Kew  circle, 
M  (be  action  of  the  latter  was  not  considered  to  be  quite  satisfiustoiy ;  and 
neeofdingly  ainoe  this  date  Barrow'a  drele  No.  33  has  been  employed, 
and  monthly  observations  have  been  made  with  it,  generally  in  the  d^/a- 
noon — two  needles  being  used,  as  before. 

From  this  circle  we  have  the  following  retnlla ; — 


Year.  Mesa  dip.  Yearly  leoular  ohaogOb 

1660.  e»    20  21 

1861.  18-21  200 

1862.  15-58  2-63 

1863.  12-66  2-92 

1864.  9-88  2-7B 


exbifaiting  between  1860  and  1864  a  mean  aecular  change  of  2'*58« 

It  will  be  noticed  Aom  this,  that  the  mean  yearly  secolar  change  of 
dip  at  Kew  appetie  to  be  greater  fVom  1860  to  1864,  a  period  of  incieaaing 
diitiirbnncci,  than  from  1854  to  1659,  a  period  of  decreasing  distnrbancea. 
Fociibly  the  yearly  decrement  of  dip  has  again  begnn  to  diminish,  since 
thediange  ftom  1864  to  1865  is  only  r'32.  It  is,  however,  premature 
to  assert  that  thb  ia  the  case,  and  It  can  only  be  decided  by  eonlinning 
the  monthly  observations.  At  all  events  the  Kew  observations  agree  with 
tfaoee  at  Tnronto  in  indicating  that  (he  yearly  change  of  dip  contains  the 
combined  lesnlt  of  two  things — •namely,  the  true  secular  change  and  the 
change  doe  to  disturbance ;  and  this  ought  to  be  borne  in  mind  by  future 
observers  of  this  magnetic  element. 
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JPbftnw/y  1, 1866. 

Lieiii«^Genend  SABINE,  Prendent,  in  the  Chair. 

The  following  communicatioiis  were  read 

L  On  the  Specific  Gravity  of  Mercory/'  ByBALvovn  Stswabt, 
M.A.,  LLJ>,,  F.R.8.,  Superintendent  of  the  Kew  Obaervatoiy. 
ReceiYed  January  25^  1866. 

• 

Some  time  since,  in  conneuon  with  a  research  on  the  fbnng-point  of 
mercury,  seretal  observations  wen  made  at  Kew  of  the  spedfie  gmvity  of 

this  fluid. 

A  specific-gravity  bottle  was  used  for  this  purpose  and  it  was  washed, 
in  the  first  place  with  sulphuric  acid»  secondly  with  distilled  water*  and 
thiidly  with  alcohol ;  when  this  was  done  it  was  iRound  to  contain  mercoiy 
without  any  air-specks  or  any  diminution  of  that  metallic  lustre  which  pure 
mercniy  eilubita  when  in  contact  with  a  vessel  of  clean  glass.  Three  dif- 
ftrent  specimens  of  pure  mercury  were  ttsed  and  were  separately  wei^^ied 
in  the  spedfie-giavity  bottle  at  62^  Fahr.  The  following  resoha  wen 
obtained 

Weighed  in  air* 
Mercury  from  the  cistern  of  the  old  Kew  1  grs. 
standard  barometer,  filling  the  bottle,  >  13591*36 
weighed  at  62*^  F  I 

Mercury  froui  the  cistern  of  the  new  Kew  1  13591«66 

standard  barometer  weighed  at  62**  F.  j 

Mercury  used  in  experiments  with  air- 1  i«ft||]*Q« 
thermometer  weighed  at  62^  T  J  ^ 

the  mean  of  these  will  be  13591'66  grs. 

It  was  found  that  the  spedfic-gravUy  bottle  had  an  internal  volome  equal 
very  nearly  to  4  cubic  inches  and  assuming  that  a  cubic  inch  of  ur  weighs 
0-31  gr.»  then  the  air  displaced  by  the  liquid  filling  the  bottle  would  w^g^ 

l"2  i  pr. 

In  like  manner  the  air  displaced  by  the  Kew  standard  weights  (sp.  gr. 
8*2)w<Ndd  have  the  vdame  of  6*6  cubic  inches,  and  would  we^  2*04  gn* 

From  these  prendses  in  ind  that  the  real  weight  of  the  menaiy  in  vaeMO 
wmdd  have  been  13590*86  gn. 

Again»the  amount  of  water  which  the  lame  bottle  held  at  62^F«  wei^ied 
m  ssr  1000*53  gn. 

Hen  the  air  displaced  by  the  bottle  is,  as  befon»  1*24  gn.«  wluk  Uwft 
displaced  by  the  weights  la  only  0*15  gr. 

From  this  we  find  that  the  real  weight  of  water  filling  the  bottle  at  6^ 
F.  would  be  in  mteuo  1001*62  grs.  We  have  thns*^ 

True  weight  of  mercuty  fiUing  the  bottle  at  62^  F.  =  13590*66  grs. 
True  weight  of  the  same  volume  of  water  at  62^  F.  =  1001*62  gn. 
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And  henre  the  specitic  gravity  of  mercury  at  62^  F.,  as  oomfmred  with 
water  at  the  same  temperature,  will  be  13'5G*>  nearly. 

At:aiii,  if  we  assume  the  correctness  of  llegoauit's  Table  of  the  absolute 
diiatation  of  mercury,  and  also  that  of  Despretz's  Table  of  the  absolute  dila- 
tation of  water,  we  shall  iiud  that  the  weight  at  32^  F*  of  ftTOlome  of  mor- 
cury  weighing  13590  B6  gn.  at  62^  h\  will  be 

13590-86X  1*00298«  13631-301  g».  . 

Also  the  volume  at  4  ^  C,  or  39°'2  F.,  of  a  volume  of  water  weigiiiug  ^t 
62°  F.  1001-62  grs.,  will  be 

l(K>l-62xl'0011437»1002766  gr». 

Hence  the  specific  gravity  of  mereary^  accordmg  to  the  French  method  of 
detenniomg  it,  will  be 

13631-361  _ 
1002-766 

A  determination  by  Rcgnnult  gives  13 '.09 6, 

These  two  results  agree  very  nearly  with  one  another  ;  and  this  ngree- 
naat  tends  not  only  to  verify  the  correctness  of  Regnault's  deterniiuation, 
but  to  i'how  that  lU'irnaidt'^  Table  of  the  dilatation  of  mercury,  and  Des- 
pretz's  Table  of  the  dihaatiuu  of  water,  agree  together;  a  remark  tliaf  li-id 
been  previously  made  hj  Dr.  Matthiessea  in  a  paper  which  he  recently 
pieaented  to  the  Society* 


IL  "  On  the  Forma  of  Gtaphitoidal  Silicon  and  Onphitoidal  Boron.'' 
By  W.  H.  Miixsm^  M.A.t  For.  8eo«  E«8.,  and  Profeaaor  of  MU 
neralogy  in  the  Universtty  of  Cambridge*   Becei?ed  Febmary  1, 

1866. 

Graj^hitoidal  &liiicon. 

It  haM  been  ao  oonitdeotly  asiomed  that  t^phitmdal  ailioon  ia  an  alio- 
tniiie  condition  of  ailicon  cfyatalKaed  in  oetahedron^*  that  on  aaoertauung 
by  meaamement  of  anglea  that  lome  gn^hitoidal  ailicoD  given  me  by 
it*  Matthieaaen  waa  in  nmple  and  twin  octahedronfl^  I  at  onee  eondnded 
thai  the  attbatance  had  been  wrongly  named.  Later,  however,  I  obtained 
from  Dr.  Percy  a  supply  of  graphitotdal  silicon  of  unquestionable  authen- 
ticity. Ita  lustre  waa  that  of  the  eryatak  I  had  previously  examined.  It 
ecoamd  in  small  scelea,  having  for  the  moat  part  ihe  appearance  of  crystala 
ef  the  obliqne  system.  On  meaanrement,  however,  they  proved  to  be 
oetabedrona  in  which  two  parallel  faces  were  mudi  laiger  than  any  of  the 
other  faces,  and  two  other  parallel  fiieea  were  either  too  amaU  to  be  observed 
or  were  altogether  wantmg.  One  of  the  scales  had  all  the  fSuiea  of  a  twin 
odsliadratt.  It  appears,  then,  that  there  ia  no  reaaon,  founded  on  a  diffsr* 
of  form,  for  separatiug  graphitoidal  from  octahedral  silicon*  the  lole 

q2 
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distiuction  beiug  that  the  crystals  of  the  latter  are  more  perfect  than  those 
of  the  former. 

Graphitoidal  Boron, 

The  forms  of  boron  have  been  described  by  the  Commendatore  Quiutino 
Sella  iu  two  papers  read  before  the  Iloyal  Academy  of  Turin  on  the  4ih  of 
January  and  the  14th  of  June,  1857,  and  by  the  Baron  Sartorius  v.  Walters- 
hausen  in  a  paper  presented  to  the  Royal  Society  of  Gottingen  on  the  1st. 
of  August  of  the  same  year.  Tiiey  found  independently  that  the  adaman- 
tine boron  of  Wiihler  and  Dca  ille,  containing  a  variable  and  not  inconsider- 
able amount  of  aluminium  and  carbon,  considered  by  Sella  as  possibly  a 
definite  compound  of  boron  with  aluminium  and  carbon  with  a  mechanical 
mixture  of  pure  boron,  crystallizes  in  forms  belonging  to  the  pyramidal 
system. 

Boron  containing  2-4  per  cent,  of  carbon,  the  boro  semplice  of  Sella,  is 
described  by  him  as  occurring  in  crystals,  the  faces  of  which  are  not  so 
perfect  as  to  admit  of  a  very  accurate  determination  of  the  angles  they 
make  with  one  another.  The  angles  approximate  to  some  of  the  angles  of 
crystals  of  the  cubic  system,  but  the  aspect  of  the  crystals,  which  are  usually 
twins,  leads  to  the  supposition  that  they  belong  to  the  oblique  system,  and 
that  the  angle  between  the  oblique  axes  differs  but  little  from  90°, 


The  forms  observed  by  Sella,  considered  as  belonging  to  the  oblique 
system,  are : — 

*100,  f  001,  c01  3,  111023,  i  101,  «5  04, /)  50  8,  ^20  3, /2  0I. 
Alio,  r  2  I  0,  ^  1  1  1,  a  T  1  2,  2  1  1.  /2  1  2. 
Of  these,  I  have  since  reobserved  all,  with  the  exception  of  a,  </,  /,  and 
perhaps  f),  the  corresponding  reflexion  being  too  faint  to  enable  me  to 
affirm  the  existence  of  that  face  in  the  crystids  I  examined.  I  have  also 
observed  the  following  forms  in  which  the  distribution  of  the  faces  is  in 
moat  cases,  probably  in  all,  the  same  as  in  the  prismatic  system,  or  as  if 

the  oblique  form  hkl  were  always'accompanied  by  the  oblique  form  A  A  / : 
«301,    w  104,    V  4  03,    X  305,    *  223,    /  3  3  2,    *  22  1. 
Oq  the  same  supposition  regarding  the  distribution  of  the  faces,  the  an- 
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nexcd  fipnrc  rcjirpsrnts  nn  ortnnt  of  the  sphere  of  projection,  the  poles  of 
some  of  the  faces  not  wanted  for  couiparison  wi(h  tlvose  of  graphitoidal 
boron  being  omitted.  The  prinri^ial  angles  takeu  or  computed  from  iht 
iD|let  proTviooaliy  adopted  by  Sella,  are 
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Bcndea  the  two  forms  already  meiilioiied«  Wdhler  and  Derille  obtained 
boron  in  extremely  thin  aeaiMb  which  were  supposed  to  be  a  different  modi* 
ieataoQ  of  boron,  and  was  accordingly  called  graphitoidal.  fiella,  however, 
re Inng  apparently  upon  the  eridenee  afforded  by  tlie  loitre  and  eoloar  of 
the  lealetp  for  be  was  finable  to  obtain  any  reeainfeBienti,  cip?Miea  fait 
cMfiction  that  they  are  not  different  from  pure  boroo.  Some  lodca  of  tbia 
tabrtaaee,lbrwludi»  aa  wdl  as  a  tnpply  of  eiyatali  of  pnie  boron,  I  am  in* 
dcbted  to  Dr.  Ifatthiesaett,  have  faces  on  their  edges*  but  so  narrow  that 
the  reflected  hnage  of  the  bright  ngnal  is  diftaeted  into  a  lineof  consider* 
aUc  length,  and  therefore  difficolt  to  bisect  For  this  reason  it  is  not  pos* 
■ible  to  determine  the  positions  of  the  faces  with  acenmqr. 

One  of  them*  about  2  millims.  wide  and  0*014  miUim«  thick,  of  the 
ibape  of  half  n  heiagon  dhided  by  a  Ime  at  right  angles  to  two  opposite 
ndee,  eshibited  laces  agreeing  in  posation  very  fairly,  eonsideriog  the  un- 
Sioidable  errois  of  obssrratioat  with  two  of  the  foees  hp  two  of  the  faces 
^  8^  three  of  Che  faoss  5,  two  of  the  fooes  #*  f»  three  of  the  faces  and 
finr  of  the  faces  a.  Another,  smaller  and  thinner,  of  the  sha|>e  of  a 
hexagon,  had  laees  coinciding  with  two  of  the  foccs  two  of  the  faces  r, 
H,/,  p,  and  four  of  the  faces  A.  The  agreement  in  position  of  so  many  of 
the  hces  with  those  of  pure  boron  appears  to  leave  but  little  doubt  of  the 
identity  of  the  furuis  of  tht;  two  i»ubstauc€s. 
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February  8,  1866. 

Licut.-General  SABINEj  President,  in  the  Chair. 

The  Bakxbian  liECTUHB  was  delimed  by  Jambs  Clbrk  Maxwell, 
M.A.,  F.R.S,f  On  the  Viscosity  or  Internal  Friction  of  Air  and 
other  Oases/'   The  following  is  an  abstract. 

All  bodies  which  are  capable  of  having  their  form  indefioitelT  altered, 
and  which  resist  the  change  of  form  with  a  force  depending  on  the  rate  of 
deformation,  may  be  called  Viscous  Bodies.  Taking  tar  or  treacle  as  an 
instance  in  which  both  the  change  of  form  and  the  resistance  opposed  to 
it  are  easily  observed,  we  may  pass  in  one  direction  through  the  series  of 
soft  solids  up  to  the  materials  commonly  supposed  to  be  most  unyielding^ 
such  as  glass  and  steel,  and  in  the  other  direction  through  the  series  of 
fiqnids  of  ▼arions  degrees  of  mobility  to  the  gases,  of  which  oxygen  is  the 
most  viscous,  and  hydrogen  the  least. 

The  viicosity  of  elastic  solids  has  been  investigated  by  M.  F.  Kohl* 
rausch  *  and  Professor  W.  Thomson f ;  that  of  gases  by  Frofeasor  8toluat» 
M.  O.  E.  Meyer},  snd  Mr.  Graham  ||. 

The  aothor  has  investigated  the  laws  of  viscosity  In  aur  by  eansbig  thiee 
horiiootal  glass  disks,  10*56  inches  diamrterj  to  perform  ratatoiy  oseilla- 
tions  about  a  vertical  axis  by  means  of  the  elastieity  of  a  steel  snspoDsiott 
wire  abont  4  feet  long.  The  period  of  a  complete  OMilktion  was  72 
seconds,  and  the  maximum  velocity  of  the  edge  of  the  dblu  was  abont 
1^  inch  per  second. 

The  three  disks  were  placed  at  known  intervals  on  the  vertical  axis,  and 
four  laiger  fixed  disks  were  bo  adjusted  above  and  below  them  sind  in  the 
intervals  between  them,  that  strata  of  air  of  known  thickneis  were  inter- 
ested between  the  suriaces  of  the  moriog  disks  and  the  fixed  disks. 
During  the  oscillations  of  the  moveable  disks,  the  viscosity  of  the  air  In 
these  six  strata  caused  a  gradual  diminution  of  the  amplitude  of  osciUa- 
tion,  which  was  measured  by  means  of  the  reflexion  of  a  circular  scale  iu  a 
mirror  attached  to  the  axis. 

The  whole  apparatus  was  enclosed  in  an  air-tight  case,  so  that  the  air 
might  be  exhausted  or  exchanged  for  another  gas,  or  heated  by  a  current 
of  steam  round  the  receiver.  The  observed  diminution  in  the  arc  of  oscil- 
lation is  in  part  dne  to  the  viscosity  of  the  suspending  wire.  To  eliminate 
the  effect  of  the  wire  from  that  of  the  air,  the  arrangement  of  the  disks 
was  altered,  and  the  three  disks,  placed  in  contact,  were  made  to  oscillate 
niiilway  between  two  fixed  glass  disks,  at  distances  sometimes  of  1  inch, 
and  sometimes  of  'fi  inch. 

*  Pogg.  Ann.  cxix.  +  Proceedingi  of  the  Roval  Society,  May  IR,  18C5. 

X  Cambridge  PhnosD(»hical  Transactiooi,  1850.  §  Pogg.  Ann.  cxiii.  (Itt61). 

II  Phil.  Trans.  1846  it,  1849. 
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Vnm  theM  npcrimeiili  on  two  ifnitoof  air,  eomliuiad  widi  ihfee  lefts  of 
ci]9eriiiienU  on  ffac  strmto  of  HiickniMei  *435,  and  *1847  indiM  xo- 
qpMtiftljr,  tlift  Ttkn  of  the  ooofidcnt  of  Yifooritj  or  internal  fHotion  wat 

Lei  two  infinite  planes  be  Hpanted  by  a  stiatam  of  air  wbose  thicimess 
is  nnilj.  Let  one  of  theie  planes  be  fixed>  wlule  the  other  moves  in  its 
own  pine  with  a  nniform  yeloeiftj  nnity ;  iheo,  if  the  air  in  immediate 
eontaet  with  either  phne  has  the  same  velodty  as  the  piane»  ereij  unit  of 
snrCiee  of  either  pbine  will  esperionee  a  tangential  finoe  ^  where  /t  is  the 
eofffieient  of  Tiseositj  of  the  air  between  the  planes. 

Tho  Ibree  /i  is  nndesrtood  to  be  measured  by  the  Tdboilj  which  it 
wonid  commnnicate  in  nnit  of  time  to  nnit  of  mass. 

L*  M*  T  be  the  mdts  of  ki^^  masi,  and  time^  then  the  dimensions 
ef|iaieL->MT-». 

In  the  actual  eiperiment.  the  motion  of  the  snrfiuses  is  votateiy  instsad 
ef  lectillneary  oeeiBatorf  iasftead  of  nnilbnD,  and  the  snrfiwes  are  boonded 
instead  of  infinite.  These  eouiderations  intradnoe  ewrtain  eomplieationi 
into  the  dieoiy,  whieh  are  separately  ooosideted. 

Hie  eoodnrioos  whieh  sn  drawn  firom  the  experimente  agree,  as  far  as 
thcygo,  with  those  of  Mr.  CNrahsm  on  the  Thuispiration  of  Gases*.  They 
araasMlows:— 

1.  Hie  eoefficieiit  of  Tiscosity  is  independent  of  the  density,  the  tem- 
perature being  constant.  No  deriation  from  this  law  is  observed  between 
the  atmospbeiio  density  and  that  correspoudiDg  to  a  pressure  of  half  an 
inch  of  mercary. 

This  remarkable  result  was  shown  by  the  author  in  1860f  to  be  a 
eotisequence  of  the  Dynamical  Theory  of  Gases.  It  agrees  with  the  con- 
clusions of  Mr.  Grahnni,  deduced  from  experimciits  ou  the  transpiration 
of  erases  through  capillary  tubes.  The  considerable  thickneys  o!  tiie  strata 
of  air  in  the  present  experiments  shows  that  the  jiroperty  ot'  air,  ta  be 
equally  viscoui  at  all  densities,  is  quite  iudencudent  of  any  molecular  action 
between  its  particles  and  those  of  soUd  surfaces,  such  aa  those  of  the  capU- 
kry  tubes  employed  by  Graham. 

2.  The  coefficient  of  viscosity  increases  with  the  temperature,  and  is 
J  roj  ort iunal  to  l-k-ad,  where  Q  is  the  temperature  and  a  is  the  coefficient 
oi  expansion  per  degree  for  air. 

This  result  cannot  be  considered  so  well  established  as  the  former, 
owing  to  the  difficulty  of  maintaniing  a  high  temperature  constant  in  so 
krpre  an  apparatus,  and  measuring  it  without  interfering  with  the  motion. 
Experiments  in  which  the  teiM j)crature  ranged  from  50°  to  185  F.,  agreed 
with  the  theory  to  within  O  S  jicr  cent.,  so  that  it  is  exceedmgiy  probable 
that  this  is  \\\e-  true  relation  to  tlie  temperature. 

The  ex|>eriments  of  Grnhani  led  him  to  this  c<nu  hisitni  al'^o. 

3.  The  coefficient  of  viscosity  of  hydrogen  is  much  less  than  that  of 

•  PhiLTruis.l84e.  t  PbU.  Mae.  Jaa.  1S60. 
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air.  I  haye  nerer  gucceeded  in  filHog  my  apparatus  with  perfectly  pure 
hydrogaOf  for  air  kaki  into  the  Tacuum  (hiring  the  admiation  of  so  Urge 
a  quantity  of  hydrogen  as  is  req|aiied  to  fill  it.  The  ratio  of  the  viiooailjr 
of  my  hydrogen  to  thai  of  air  was  '5 156.  Thai  obtained  bj  Graham  was 
•4855. 

4.  The  ratio  for  carbonic  acid  was  Iband  to  be  *859.  Graham  makea 
it  *807.  It  is  probable  that  the  comparative  results  of  Graham  are  mova 
eiact  thin  those  of  this  paper,  owing  to  the  difficulty  of  introducing  so 
laige  a  volume  of  gas  without  lettbg  in  any  air  during  the  time  of  iUing 
the  receiver.  I  find  also  that  a  Tevy  small  pmportiott  of  air  causes  a  con- 
siderable  inerease  m  the  viscosity  of  hydrogen.  This  result  also  agrees 
with  tliose  of  Mr*  Graham. 

5.  Forty  experiments  on  diy  air  were  investigatad  to  detemrine  whether 
any  slipping  takes  place  between  the  glass  and  the  air  in  immediate  oon* 
tact  with  it* 

The  result  wis^  that  if  there  were  any  slipping,  it  is  of  exeeedmgly  somU 
amount;  and  that  the  evidenoe  in  favour  of  the  indicated  amount  being 
real  is  very  precarious. 

The  results  of  the  hypothesis>  that  there  b  no  slipping,  agree  decidedly 
better  with  the  experiments* 

6.  The  actual  value  of  Uic  coefficient  of  viscosi^  of  dry  air  was  dsCeiw 
mined,  from  forty  experiments  of  five  dilferent  kinds^  to  be 

;i»'OOOOI49(461<'+9), 

where  the  iach,  the  grniii,  mid  the  second  are  the  units,  and  the  tempera- 
ture is  on  Fnhrculicit's  scale. 
At  6-1'  this  pves  //=  (107802.' 

Professor  Stokes,  from  the  experimciiis  of  iiaiiy  on  |)endulums,  has 
found 

\/^-""^ 

which,  with  the  average  temperature  and  density  of  air,  would  give 

a  much  smaller  value  than  that  here  found. 

If  the  value  of  /t  is  expressed  in  feet  instead  of  inches,  so  as  to  be  nni» 
form  with  the  Briti-h  measures  of  magnetic  and  electric  phenomena,  as 
recorded  at  the  observatories, 

/is*000179(461+«) 
B-08826  at  32^* 
In  netre-gramme^second  measure  and  Centigrade  tempenturc^ 

/i=  01878  (1+  00366  0). 

M.  O.  E.  yivycr  (Pogg.  Ann.  cxiii.  (1H61)  p.  3H:f)  mnkcs  ft  at  18® C. 
=  •000.360  in  centimetre?,  cubic  centimetres  of  water, and  seconds  as  units, 
or  m  metrical  units,      ;i  =  '0360. 

According  to  the  rxpcnmems  here  described,  fi  at  18°C*h'02. 
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M«  Mejer*8  ralae  ia  theidbfe  netrlj  twice  u  great  ai  tbti  of  thii 
paper,  while  that  of  Frofeasor  Stokes  is  ooljr  half  as  great. 

la  M*  Mejer*8  experimenti,  which  were  with  one  disk  nt  a  time  in  an 
open  tpacc  of  air,  the  influence  of  the  air  near  the  edge  of  the  disk  is  rery 
considerable ;  but  M.  Mejer  (Crellc,  59 ;  Fogg,  cxiii.  76)  seems  to  have 
anivcd  at  the  oondnsion  that  the  additional  effect  of  the  air  at  the  edge  ia 
proportaonal  to  the  thickness  of  the  disk.  If  the  additional  force  near  the 
edge  k  iiiidercatiiiiated»  the  mnlting  Talne  of  the  Tiaeoiity  will  be  in 
cmaa. 

7*  Each  of  the  forty  experiments  on  dry  air  was  calcnlated  from  the 
condnded  values  of  the  Tisooaity  of  the  air  and  of  the  wire,  and  the  result 
compared  irith  the  oibeerred  result.  In  this  way  the  enor  of  mean  square  of 
each  obeertatioB  was  determined,  and  from  this  the  ''probable  error"  of 
|i  was  fimnd  to  be  '036  per  cent,  of  ita  Talue«  These  experiments*  it  must 
be  remembered,  were  made  with  fire  different  arrangementa  of  the  disks, 
at  picaaniea  ranging  from  0*5  inch  to  30  inehes,  and  at  temperatnres  ftom 
51^  to  74^  Jf* ;  ao  that  their  agreement  does  not  arise  from  a  mere  repetition 
of  the  aame  conditions,  but  from  an  agreement  between  the  properttea  of 
air  and  the  theory  made  nae  of  in  the  calcolationa. 


February  lb,  1866. 
Licat.-6encral  SABINE^  President^  in  the  Chair. 

The  following  commuuicatioa  was  read : — 

"  Farther  Observations  on  the  Spectra  of  some  of  the  Nebulae,  with 
a  Mode  of  determining  the  Brightness  of  these  Bodies.'*  By 
WiixiAM  IIuooiNs^  F.R.S.   Received  January  30, 1866. 

(Abstract.) 

Ill  the  first  part  of  this  paper  the  author  continues  his  observations  on 
iUc  spectra  of  ncbuloe  and  clusters.  The  results  already  presented  by  him 
to  the  Royal  Society  are  confirmed  by  his  new  observations,  namely,  that 

with  his  ni>pRratus  clusters  and  nebulte  give  either  a  continuous  spec- 
trum or  n  spectrum  consisting  of  one,  two,  or  three  bright  hnes.  The 
positions  in  the  spectrum  of  these  lines  are  the  same  as  those  of  the  bright 
lines  of  the  nebuluj  described  in  his  former  papers. 

Un  account  of  the  faiiitness  of  these  objects  tlic  niithor  was  not  able  to 
ascertain  whether  the  continuoi!»  spectra  wluck  some  of  the  nebulro  give 
»rp  interrupted  by  dark  lines  in  -a  manner  similar  to  the  sfnctra  ot  (lie 
bUH  and  hxed  -tars.  Some  of  thesc  spectra  appear  irregularly  brig^liL  in 
some  parts  fit"  tlie  spectnim. 

The  nebulM  which  follow  liavc  a  spectrum  of  one,  two,  or  three  Iri-ht 
hues  i  Lu  addition  to  which,  in  the  case  of  6ouic  of  theuij  a  fauit  cou- 
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tinuous  gpectram  wa«  Tuible*  These  bodies  are  proUabij  gaseous  in 
eoQsUtution. 


No.  2102    27  H.  IV. 

4234    5  2. 

4403    17  M. 

4572    16H.IV. 


The  foUowing  sebidas  and  doften 

No.   105    18 

307    151 

575    155 


1949 
1950 

3572 
2841 
3474 

3636 
4058 
4159 
4230 
4238 
4244 
4256 


•  •  •  *  e  9 


•  •  •  • 


81 
82 
51 
43 

63 

3 

215 
1945 
13 
12 
50 
10 


H.V. 
H.I. 
H.I. 
M. 
M. 
M. 
H.V. 
M. 
M. 
H.I. 
h. 
M. 
M. 

II.  IV. 
M. 


No.  4499    38  n.  IV. 

4827    705  H.I. 

4527    192 H.L 

give  «  cootinBOHi  spectnunt— * 

No.  4315    14  M. 

4357    190  H.  n. 

4437    11 M. 

4441    47  H.  I. 

4473   Aaw.N.44* 

4485    55  M. 

4586    20811k. 

4625    51  H.  I. 

4627    192  H.  I. 

4600    15  H.V. 

4760    207  H.II. 

4815    53  H.I. 

4821    233  H.II. 

4879    251  H.II. 

4883    212  H.II. 


The  second  part  of  the  paper  contnins  an  account  of  a  mode  of  detcf^ 
milling  approximatively  the  intrinsic  brightness  of  some  of  the  nebuls. 

AnslysiB  by  the  prismi  shows  that  some  of  the  nebulae  consist  of  lu- 
minous gas  existing  in  messeSy  which  are  probably  continuous;  and  the 
nebnltt  in  the  telescope  present  not  points^  but  surfaces,  in  some  crKsv^^, 
subtending  a  considerable  angle.  As  long  as  an  object  remsins  of  sensible 
size  in  tbe  telescope  it  retains  its  original  brightness,  except  as  this  may 
be  diminished  by  a  possible  power  of  extinction  belongMig  to  celestial 
apaoCt  and  by  the  absorptive  power  of  the  earth's  atmosphere. 

By  means  of  a  special  apparatus  the  light  of  three  nebulss  waa  emn- 
pared  with  the  light  emitted  by  a  sperm  candle^  burning  al  tbe  rate  of 
158  gn.  per  hour.  The  reanlts  are  that— 

The  intensity  of  nebula,  No.  4  628 1 H.  I V. =y^th  part  of  that  of  thecaodie. 
annnlar  nebula  in  Lyra  =^,,V?"^     »•  »• 
Dumb-bell  nebula         =  yi^^^th  ^ 

The  estimation  in  each  case  refers  to  the  brightest  part  of  the  nebola. 
The  amounta  are  too  small  by  the  unknown  conectiona  for  the  kaa  which 
the  light  has  sostamed  in  its  passage  through  space  and  through  the 
carth'a  atmosphere.  These  values  haTC  an  hnpoitanoe  In  connexion  with 
the  gpseoua  nature  of  the  source  of  the  Ugbt»  which  the  spectroaoope  lo- 
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Saitm,  StaSksr  wtimationi  made  at  oonndmble  tnterrals  of  time  might 
flhoir  trlietiier  the  lirightiiefle  of  these  bodiei  if  nndergoiiig  mcieeieb  dimi- 
milbo,  or  a  period  variation. 

The  pqier  condndes  with  lome  obiemttons  on  the  meaeuTei  of  the 
diameteni  of  aome  of  the  phmetaiy  iiehiil««  A  Tery  carefol  aet  of  mea- 
nna  of  4232»  5  2,  bj  the  Rer.  W.  R.  Dawes,  F.R.S.,  ia  given,  which 
Bufccs  the  eqnatorial  diameters  15''*9.  Abo  measnrea  bj  the  author  of 
1414,  73  H.  IV.  which  give  iU  diameter  in  IL  A.s:30^*8. 

February  22,  1866. 

J«  P.  OA88IOT,  Eeq.,  Yioe-Preaideiit,  in  the  Chair. 

The  following  commnnications  were  read  : — 

I.  "Account  of  Experiments  on  the  Fkxural  and  Torsional  Rigidity 
of  a  Glass  Rod,  leading  to  the  Determination  of  the  Rigidity  of 
Glass/'  By  Joseph  D.  Everitt,  D.C.L.^  Assistant  to  the 
Profeaaor  of  Mathematics  in  the  Univeraity  of  Glasgow.  Com- 
mmiicated  bj  Profeaaor  Wiluam  Thomson,  F.R.S.  ReceiYed 
Pebmny  1, 1866. 

(Abstract.) 

In  these  experiments  a  cylindrical  rod  of  glass  h  suhji cted  to  a  bending 
couple  of  known  moment,  applied  near  its  ends.  The  ainouut  of  hending 
produced  in  the  central  portion  of  the  rod  is  nir-asured  hv  Tiieaiis  of  two 
mirrora,  rij^idly  attached  to  the  rod  at  distanceij  of  several  diameters  from 
esicli  end,  which  form  by  reflexion  upon  a  screen  two  images  of  a  fine  wire 
placed  in  front  of  a  lamp. flame.  The  separation  or  approach  of  these 
two  ima?ets,  which  takes  place  on  applying  the  bending  couple,  serves  to 
determine  the  amount  of  flexure. 

In  Uke  manner,  when  a  twisting  couple  is  apj)lied,  the  s*  paratioii  or 
approach  of  the  images  serves  to  determine  the  amount  of  torsion. 

The  flexnrnl  nnd  torsional  rigi<lities,  f  and  t,  which  are  thus  found  by  ex- 
penrtKut,  lead  to  the  determination  of  \"o\inp:'??  Afoflulus  of  Illasticity,  ^^ 
for  tlie  resistance  to  longitudinal  extension),  and  the  absolute  riu'idity,  r?  (  or 
resistance  to  shenrin^)  ;  M  beinoj  eqnal  to  f  divided  hv  the  moment  of 
inertia  of  a  circular  section  of  the  rod  about  a  diamrter,  and  n  being 
equal  to  t  divided  bv  the  moment  of  inertia  of  a  circular  section  about  the 
rmrt.  The  **  resistance  to  compression,"  is  then  determined  by 
the  ibnnola 

:u~M  i? 

tnd  the  "  ratio  of  the  lateral  contraction  to  longitudinal  extension,' \9,  by 
tbcfonnula 
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The  values  found  for  the  flint-glass  rod  cxjperimented  on  were,  iu 
grammes'  weight  per  st^uare  centimetre, 

M~6M,,s;J0,000, 
n  =211,170.0()(), 
Jt  =42;i,0 10,000, 

The  mode  of  experimenting  is  somewhat  similar  to  that  bj  which 
Kifchhoff  inirestigated  the  value  of  a  for  steel  and  hiaia;  but  there  are 
several  points  of  diCference,  especially  this—that  the  portion  of  the  gisss 
rod,  whose  flexure  and  torsion  are  measured,  is  sufficiently  distant  fnnn 
the  places  where  external  forces  are  applied,  to  eliminate  the  local  irregu- 
larities produced  by  their  application. 

II.  "Note  on  the  relative  Chemical  Intensities  of  direct  Sunlishl 
and  diffuse  Daylight  at  different  altitudes  of  the  Sun.^^  Jiy 
Henry  E.  Roscoh,  F.U.S.,  and  Josefh.  hAXnaoELL,  F.E.A.S. 
licoeivcd  February  8,  1866. 

The  method  of  determining  tlie  chemical  intensity  of  daylight  described 
by  one  of  us*  pi  r  cuts  n  convenient  means  of  experimentally  coiii})aring 
the  intensity  of  tlie  clieniically  active  rays  wiiich  reach  the  earth's  hori- 
zontal surface  directly  from  the  sun  with  that  of  the  same  rays  reflected 
from  the  atmosphere  and  constituting  diffuse  daylight.  For  this  purpose 
it  is  only  necessary  alternately  to  expose  pieces  of  the  standard  sensitive 
paper,  according  to  the  method  described  iu  the  memoir  above  mentioned, 
to  the  action  of  the  total  light  of  day»  and  to  the  diffuse  daylight  alone, 
which  is  easily  done  by  cutting  off  the  sun*s  direct  rays  from  the  sensitive 
paper«  by  throwing  upon  the  paper  a  shadow  cast  by  a  small  screen,  hav- 
ing an  apparent  diameter  slightly  greater  than  that  of  the  solar  diak.  In 
the  first  case  the  chemical  intensity  of  the  total  daylight,  in  the  second 
that  of  the  diffuse  light  is  determined  ;  the  difference  between  these  two 
observations  giving  the  chemical  intensity  of  the  direct  sunlight.  As  the 
experiments  which  we  have  already  made  in  tliis  direction  have  led  us  to 
conclusions  differing  altogether  from  those  derived  from  theoretical  con* 
siderations  concerning  the  relative  chemical  intensities  of  direct  and  diffuse 
sunlight,  we  think  that,  although  this  investigatum  is  incomplete,  the  results 
are  worthy  of  the  attention  of  the  Society.  No  direct  photometrical  de- 
terminations of  the  relative  intensity  of  sun  and  diffuse  light  have  up  to 
this  time  been  made ;  but  Clausius  t  has  calculated  this  relation  for  vary* 
ing  altitudes  of  the  sun,  founding  his  calculations  upon  the  hypothesis 
(generally  adopted  by  meteorologists  to  explain  the  red  tints  of  the  mom* 
ing  and  evening  sky)  that  the  diffused  light  is  reflected,  not  from  the  par- 

•  Uakeruui  I.'vturf.  18<m.    Phil.  Trans.  18<>o,  p,  iiU5. 
t  Poggcudurtl'b  '  Auuolcu/  lid.  buuL  p.  I^L 
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tides  i^tkw  toBd  flotftiiig  matiria],  but  from  the  minnte  Tendcs  of  witer 
wluefa  are  mpposed  to  be  always  contained  in  lui  ge  quantities  in  the  atmo- 
ipiwre.  Aeeording  to  this  hypothesis,  Clausius  obtained  the  following 
Bimibera  as  expressing  the  intensities  of  direct  sunlight  and  diffused  day- 
light for  altitudes  varj  m*^  (win  JU  Lo  LiU 

Calculated  Inten«itics  of 
Sm^ajUtiteaaR.      Total  Dajlighl^*    Difbsa  Ligbl.      Dim*  Bunligbt 


20P                 010049  0O67.*J0  0O«313 

0'17'^>.S  OiHunn  Ofts.MT 

ai)^                  ii-'Mm^  0-111H4  U 14740 

35<>                 0^31049  012GM  0-31305 

40<»                 04iyr)7  0-1383:1  0-28125 

or)(v;K<*,  oiri:)09  (Mf<»H7 

Joo^             Ofiu^Li  oiG<<:£i  or>2i;2i) 


(Ibe  itttciittty  of  Mulight  at  an  altitnda  of  W*,  unweakaacd  bj  atmoapherio  abiorptioo, 

ia  taken  aa  tfia  antt) 

The  mitsiirement  of  the  relatire  chemical  intensities  were  made  at  three 
localities :  (1)  Owens  College,  Manchester,  53°  21)'  N.,  and  O*"  9"0' W. ; 
(2)  the  Obserratorv,  Chcetham  Hill,  near  Manchester;  and  (3)  the 
saramit  of  the  Konigstnhl,  near  Iltidelberg,  11)00  feet  aboTc  tlie  sea,  in 
49^24'  N.,  and  31'" -18"  E.  We  arc  indebted  for  the  latter  observations 
to  Dr.  Wulkuily  who  kindly  forwarded  iu>  hia  results  through  Professor 
Bunsen. 

The  following  experimental  innnbcrs,  ohtnincd  at  Owens  College,  may 
serve  to  illustrate  tlie  nicthoil  atlujiteil ;  ia  most  cases  several  (four  or  five) 
obsrrvatiijii^  of  tlie  iiiten^iiies  of  the  total  and  diffuse  liglit  were  made 
quickly  one  alter  the  otherj  and  the  mean  of  oil  the  readings  taken. 


Tablb  I, — Obiervatioiu  at  Owens  College»  Mancbester^ 
53**  29'  N.  0"  9-  0' 
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0 

I  33W. 

17  55 

•101 

5 

•083 

4 

"OlO 

12 

40 

11  33  W. 

17  15 

•ar> 

4 

■og;] 

5 

■002 

1 

15 

•JO  IftW. 

15  50 

4 

im 

5 

21. 

12 

10 

3  43W. 

10  27 

•iriO 

5 

4 

•(K)l 

12 

30 

8  43W. 

16  8 

IMiO 

4 

•068 

5 

■008 

12 

45 

13  28W. 

15  44 

■058 

4 

•or.0 

.  ) 

1 
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Am  tbft  iltitadM  bm  oliMrfed  taiy  onfy  fiom  15^44'  tt  91^47*,  wt 
thought  it  belt  to  coUeet  the  renilte  into  two  groupie  eonteinmg  the  eight 
higMt  and  eight  lowest  oheeired  altitndee* 


Table  II. — Results  of  Obserrations  at  Owens  College. 


Kumber  of 
ObserTatioiu. 

Mean 
Altitude. 
<tf  Son. 

JsAtmiiy 
of  Sky  or 

Daylight. 

lutenmty 
of  direct 
SaaUgbt 

Kntio  of 
Sun  to 

Sky. 

Sun. 

Onwp  1 

2 

33 
20 

34 
24 

17°  8' 
26  38 

•066 
•074 

■fyy? 

0106 
0106 

The  detcrm illations  vnada  al  Chcctham  Hill  (53°  30'  50"  N.,  and 
0'*  8'"  56*  W.)  were  sixty-three  in  number,  in  which  the  altitude  varies 
from  16°  8'  to  46^  14',  and  these  are  divided  into  three  groups,  as  follows 


Table  Iff Besulta  of  Ohaenrations  at  Cheetham  Hill* 


dumber  of 
Observations. 

Mean 

Altitude 

of  Suu. 

Tnt<»nsity 
of  Sky  or 
diffViMd 

of  direct 
Sunlight. 

lUtio  of 
Sun  loSlgr. 

Bky. 

Sua. 

Group  1 
2 
3 

23 
22 
18 

24 
22 
17 

19<»  SO' 
25  31 
M  8 

•064 
•091 

m 

•012 
•019 
■026 

0187 

o-2as 

0250 

The  range  of  altitude  in  the  Iloidelherg^  experiments  hviui^  a  much  wider 
one  (viz.  from  0°  to  63°  49'),  m  e  h  ivt^  hvvn  uMe  to  arrange  these  {con^ 
tainiug  nioety-iiiae  observations)  iu  five  groups,  as  follows 

Tabub  I  v.— Renilto  of  Obiervationi  at  HeideLhorg. 


Number  of 

Ob><ervfi- 

Bange  of 

Altitude  of 
of  Sun. 

Mean 

Altitude 

of  Sun. 

Intensity 
of  Sky  or 

diffuiiod 

Dnvlight. 

of  direct 

Sunlight. 

Batioof 
SantoSkjr. 

Chroup  1 

10 

©•tol5'» 

70  15* 

-048 

002 

(MMl 

2 

19 

15—30 

24  43 

•134 

•066 

0-472 

3 

31 

30  —45 

34  34 

•170 

•lf?6 

0-800 

4 

22 

45—00 

53  37 

•174 

•2G3 

1-511 

5 

17 

above  60 

62  30 

•199 

•319 

1^ 

The  euires  on  PI,  I.  fig.  1  are  derived  from  the  foregoing  numbers, 
the  ordinates  representing  the  intensities  and  the  abscisasB  denoting  the 
ooneiponding  altitudes.  Tlie  curv  es  mnrked  a,  b,  c  give  respectively  the 
obiervationa  at  Heidelberg,  Cheetham  Hill,  and  Owens  College;  the  dotted 
earves  represent  the  intensities  of  the  difiiise  light,  the  black  curves  thoae 
of  the  direct  sonlighL  The  tatio  of  the  tun  and  skylight  for  the  same 
pUoes  is  repiesented  by  the  cnrTes  a,  h,  and  c,  fig.  2. 

In  the  following  Table  the  eiperimental  fatioe  aie  compared  with  thoae 
calenbted  by  Obusins. 
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Tabu  y^ntti^^GhmMIatmrnOm  ordtraet  Sunlight  to  difftue 

light 


Son's 
Altitode. 

Ciileumt<»d 
(Clausiiw). 

Heidelberg. 

Cheatham  Uill.  Owens  College. 

20« 

0^491 

oim 

019  010 

25 

0896 

0-480 

0^20  0-11 

SO 

1  320 

0650 

023 

35 

i-eyo 

0820 

026 

.40 

1-00 

no 

2634 

1-87 

6U 

3129 

1-60 

Thete  nmnben  ihoir  tliat  whilst  at  20°  of  altitude,  acoording  to  tlMoij, 
theKlatum  of  the  Intennties  of  difftue  light  to  direct  Bunliglit  ii  aa  100  to 
49*  1»  the  expefimenta  at  Heidelberg  give  a  reUtion  of  100  to  35 ;  thoae 
at  Chcetham  Hill  100  to  19,  and  thoae  in  Maneheater  100  to  10.  If  we 
eooqMie  the  theoretical  imtio  for  higher  altitndea,  we  find  that  in  onr 
latitndea  the  ratio  e?en  at  35**  of  altitude  ia  only  aa  100  for  difliiae  light  to 
26  for  annlight,  whereaa  theory  givea  the  relation  aa  100  to  169.  The 
Haidelbcig  ohaerratidna  ahow  indeed  a  more  rapid  riae  in  the  intenaity  of 
the  direct  ann'a  rajri^  the  ratio  reaching  100  to  82  for  35^  of  altitude. 
The  gieat  difference  between  theae  and  the  other  ezpeiimental  reaolta  muat 
doobdcaa  be  aaeribed  to  the  conaiderable  elevation  (1900  feet  above  the 
aaa)  at  which  theae  obiervations  were  made. 

Bven  at  Heidelberg,  however,  no  less  than  eight  obaervatioBa  ahow  that 
at  low  devations  the  chemical  action  of  the  sun  becomes  altogether  inap- 
preciable, whilst  that  of  the  diffuse  light  is  still  considerable ;  and  the  aame 
iaactiTe  condition  of  direct  sunlight  at  low  altitudes  has  been  frequently 
obserred  both  at  Owcua  College  and  ChccLham  Hill.  In  these  cases  the 
intensity  of  the  suu's  direct  visual  rays  was  consitU  rablo,  and  a  strong 
shadow  was  cast ;  but  the  more  highly  refrangible  mya  were  altogether 
absent,  and  the  ratio  became  inhuite. 


Heiddberg  Obaervationa. 


Altituflt> 

1 

'       Direct  Fun 

0*  9¥ 

1  32 

2  20 

3  27 
6  0 

10  40 

11  51 

12  68 

O'XK) 

om) 

0000 
0000 
0000 
0^ 

0024 
0038 
0028 
0<X30 
0083 
0079 

In  aome  of  the  eipcrimenta  made  at  Cheetham  Hill  the  ahadow  of  a 
nan  diak  waa  thrown  on  a  horiiontal  aurface  of  white  paper,  and  careful 
crtioMtiooa  made  of  the  relative  brightneaa  of  the  ahaded  and  nnahaded 
portioqa  of  the  aorftoe,  A  conpariaonof  theae  reanlta  with  thoae  obtained 
at  the  lame  time  Ibr  the  chemical  raya  ahowed  that  with  the  ann  at  a  mean 
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aldtnde  of  25<*  16 » the  mean  ntla  of  the  cheniical  intemitkf  of  diieet  and 
diffiued  light  bemg  0*23,  thftt  of  tke  lumiooui  intentities  was or  thai, 
the  action  of  the  atmoiphere  was  17*4  times  greater  on  the  chcmicallj 
aetire  than  on  the  Ittminons  rays  of  sunlight.  A  series  of  pbotometrieal 
experiments  made  afterwards  at  Owens  College  gave  the  following  le- 
snlks 

Mean  altitude  of  the  sun   12<^3' 

Mean  ratio  of  chemical  btensitj ....  0*053 
Mean  ratio  of  luminous  intensity.  • . ,  1  *400 
It  appears  therefore  that  with  the  sun  at  an  altitude  of  12^  3'.  the  action 

of  the  atmosphere  was  26*4  greater  on  the  chemical  than  on  the  luminoiis 

rays. 

The  foregoing  experiments  appear  to  prove^  . 

I.  That  the  effect  of  the  atmosphere  upon  the  highly  refrangible  and 
chemically  tctive  solar  rays  is  regulated  by  totally  different  laws  from 
those  founded  upon  the  hypothesis  of  the  reflexion  hy  means  of  hollow 
resides  of  water. 

IT.  That  the  ratio  of  the  chemical  intensity  of  direct  to  diffuse  sunlight 
for  a  given  altitude  of  tlic  sun  at  different  localities  is  not  constant,  vary- 
ing with  the  transparency,        of  ihc  atuiosjihere. 

III.  That  this  ratio  of  "cheinicnl"  intensity  duii  not  in  the  least  cor- 
respond to  tlie  ratio  of  **  visible"  intensity  as  estimated  by  the  eye;  the 
action  ui  tlie  atnio^pliL  ic  l)eiug  17*4  times  greater  upon  the  chemical  than 
on  the  luniinons  rays  when  the  sua's  altitude  is  about  25^  16'|  and  2Ci'4 
times  greater  when  the  sun's  altitude  is  12^  3'. 
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Mardi  \,  1866. 

Lieiit.-6eneral  SABINE,  President,  ia  the  Chair. 

In  accordance  with  the  Statutes,  the  names  of  the  Candidates  for 
electioa  iato  the  Society  were  lead^  as  follows : — 

Edward  Hull,  Esq. 
John  WQliam  Kayc,  Esq. 
John  Bohmaon  M*Clean,  Esq. 
Hugo  MiiUer>  Ph.D. 
Charles  Mnrehison,  M.D. 
James  Robert  Napier,  Esq. 
Bear-Admiral  Eiaimus  Ommaney. 
George  Wareuig  Ormerod,  Esq. 
^¥illiam  Heniy  Perkin^  Eiiq. 
Thomas  Lambe  Phipson^  Ph.D. 
Yen.  Archdeacon  Pratt,  M.A. 
Charles  Bland  Badcllffe,  M.D. 
Capt.  George  Henry  Richards,  R.N. 
Benjamin  Ward  Richardson,  M.D. 
Thomas  Richardson,  M.A. 
William  Henry  Leighton  Russell, 
Esq. 

Rev.  William  Selwyu,  D.D. 
Rev.  Richard  Townsend,  M.  A. 
Rev.  Henry  lj:iLLr  Tri>tr,iin. 
EdwarJ  Jului  \Vuring,  M.D. 
Henry  Watts,  Eiq. 
Charles  Wye  Williams,  E^q. 
Henry  Worms,  Esq. 

The  following  communication  was  read : — 

"Besencihes  on  Acids  of  the  Laetie  Series. — ^No.  L  Synthesis  of 
Adds  of  the  liaetie  Series.''  By  E.  Frankland,  P.B.S.)  and 
B.     DUPPA^  Esq.   BeceiTcd  Febmary  14, 1866. 

^Abstract.) 

In  the  first  part  of  this  paper  the  authors  give  the  details  of  the  synthe* 
tied  pfodnetien  of  numerous  adds  of  the  laetie  family^  which  have  been 
Mefly  described  in  a  series  of  notes  already  published  in  these  Proeeedlngs 
Msg  the  years  1863,  1864,  and  1865.  In  the  concluding  portion  of  the 
present  paper,  they  discttss  the  theoretical  conaideiations  which  arise  ont 
of  then  hiTestigations.  They  call  attention  to  the  existence  of  a  group  of 
deoients,  to  which  they  give  the  name  oxalyl  and  the  formula  (C  O  Ho), 

WL.  XT,  B 
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Fitriek  Adicsi  Esq. 
Alennder  Armstrongs  M.D. 


Sir  Chsries  TUstone  Bright. 
Snmiel  Brown,  Esq. 
Fraicis  T.  Buckland,  Esq. 
J<dm  Chsries  Bncknill,  M.D. 
lieut-Col.  John  Cameron,  B.E. 
Sir  Thomas  Edward  Colebrook, 

P.  B.  Asiat.  See. 
W.  Boyd  Dftwldns,  Esq. 
Heniy  Dircks,  Esq. 
Ibmnas  Rowe  Edmonds,  Esq. 
Ser.  Frederick  William  Farrar, 

M.A. 

Alexander  Fleming,  M.D. 
Peter  Le  Neve  Foster,  Esq. 

Sir  Charles  Fox. 

William  Withey  Gull,  M.D. 

William  Augustus  Guy,  M.li. 

Jnlios  Ilaast,  Ph.D. 

Capt.  Kobert  Wolseley  XIaig,  R.A. 

James  Hector,  M.D. 

Jabez  Hogg,  Esq. 
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and  which  exists  not  only  in  all  acids  of  the  lactic  series,  but  also  in  nearly 
every  kuowu  organic  acid.  The  isolated  molecule  of  this  radical  is  oxalic 
acid, 

rcoHo 

in  proof  of  wUch  they  Aaw  that  when  oociUo  ether  »  aeted  upon  hf 
naooent  amyl,  it  is  converted  into  eaproic  ether : 

JCOEto ,  fCBnH,_„  fCBaH, 
tCOEto"^  ICBuH,"^  IcOECo. 
Oialie  cttier.       AvyK  Capioie  ether, 

Ozalyl  is  closely  rehted  to  cyanogen,  the  two  radieab  paanng  into  each 
other  in  a  host  of  reactions ;  hence  the  prodnction  of  cyanides  from  the 
ammonium-salts  of  the  fatty  adds  on  the  one  hand,  and  the  synthesis  of 
adds  irom  certain  cyanogen  componnds  on  the  other, — a  reaction  first 
pointed  out  by  Kolhe  and  Frankland*,  and  which  has  of  late  yidded  sndi 
important  results  in  the  hsnds  of  Maxwell  Simpsonf  and  of  Kolbe  and 
of  Hugo  Mullert. 

CN'"  rCOHo 
C  N"'  \  C  O  Ho. 

Cyanogen.  OzalyL 

The  researdies  of  these  chemists  prove  that  the  introduction  of  cyanogen 
into  an  organic  compound,  and  its  subsequent  transfoimation  into  oxalyl« 
converts  that  compound  into  an  acid,  or,  if  already  an  acid,  increases  its 
basidty  by  unity  (for  each  atom  of  oxalyl  so  developed),  this  result  being 
a()parently  quite  independent  of  the  position  of  the  oxalyl  in  the  m<^ecule. 
The  atom  of  oxalyl  (as  the  aboTC  molecular  formula  shows)  may  be  regarded 
as  methyl  (C  H,),  in  which  two  atoms  of  liydrogen  have  been  replaced  by 
one  of  o^^gen,  and  the  third  by  hydroxyl  (Uo). 

It  may  be  objected  that  the  group  of  elements,  which  is  thus  invested 
with  radical  functions^  lacks  one  of  the  fundamental  characteristics  of  a 
radical  by  its  proneness  to  change ;  but  this  charactenstic  is  eihibited  by 
the  commonly  received  radicals  in  a  very  Taried  degree.  And  even  methyl 
itself,  which  certainly  possesses  it  in  the  most  marked  manner,  readily 
permits  of  its  hydrogen  being  replaced  by  chlorine  or  bromine  on  the  one 
hand,  and  by  sodium  on  the  other.  All  compound  radicals,  the  authors 
remark,  are  purdy  conventional  gronpmgs  of  elements  intended  to  simplify 
the  expression  of  chemical  change ;  and  in  this  respect  they  beliefe  the 
group  oxalyl,  entering  as  it  does  into  the  constitution  of  nearly  every 
organic  acid,  has  as  valid  a  claim  to  a  distinct  name  as  the  most  universslly 
recognised  radical*  Its  admisiion  renders  possible  the  following  very 
simple  expresdon  of  the  law  governing  the  bandty  of  nearly  all  organic 
acids — an  organic  acid  containing  n  atom*  of  oxalyl  is  n  bade. 

The  authors  classify  all  adds  of  the  lactic  series  at  present  known»  or 

*  ^Temoirs  of  Chem.  Soc.  vol.  iii.  (1847)  p.  386. 

t  Vhkl.  Trans.  18G1,  p.  CI ;  and  Joum.  Gheill*  Soc»  VoU XfiU* 

X  Joum.  Chem.  Soc.  voL  xvii.  p.  109. 
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which  could  be  obtained  by  obvious  proceflie«,  into  the  ibUowing  eight 


CRHHo 


1.  Nonnu  adds  1  C  O  Ho 

.         1    .J  f CRHBo 

9«  Ethenenotiiial  adds  1  C  O  Ho 

+ 

3.  Secoudary  acids  |  q  O*^^ 

CR,Ro 
CO  Ho 


+  ± 

4.  Etheric  aeoondaiy  acids  |  C  R,  Ro 

f  CRHHo 

5.  Nonnal  olefine  adds 


f  CRHRo 

6.  Etherie  nonnal  define  adds  •  •  -{  H,). 

[  OOHo 


{0  R,  llu 
GOHo 


7.  Secondary  olefine  adds  

f  c 

8.  Etheric  secondary  olefine  acids .... 


dwormal  ueid  of  the  lactic  series  may  be  defined  as  one  in  whidi  an 
itom  of  carbon  is  united  with  oialy]»  bydroxyl,  and  at  least  one  atom  of 

hydrogen.  In  the  above  genenl  fonnnb  for  these  adds  ii  may  be  dtber 
hydrogen,  or  nny  alcohol  hydrogen. 

A»  Hkeric  normai  aeid  is  constituted  like  a  nonnal  add,  bat  contains  a 
BieoBtomie  organic  radical,  dilorons  or  basjlous,  ia  the  place  of  the 
liTdngen  of  the  hydroxyl. 

if  eeeimdaiy  aeid  is  one  in  which  an  atom  of  carbon  is  nnited  with 
oialy]»  hydroi^l,  and  two  atoms  of  an  alcohol  radical. 

Jm  etherie  eeeemkary  uad  stands  m  the  same  rdation  to  a  seoondsiy*  as 
an  etheric  nonnal  does  to  a  normsl  add. 

A  morwuU  ete/Sne  mid  b  one  in  which  the  atom  of  carbon  nmted  with 
sialyl  is  not  nnited  with  hydrognrl^  and  in  which  the  atom  of  csrbon  nnited 
vtth  hydroxyl  is  combined  with  not  less  than  one  atom  of  hydrogen.  In 

4- 

Ibis  formula  R  may  be  either  hydrogen  or  a  moiiatoinic  alcohol  radical,  and 
the  olefine,  or  diatomic  radical  ot  thcisu  acids,  may  belong  to  either  the 
ethylene,  or  the  ethylidene  series. 
Jji  etheric  normtU  citefitte  acid  diifers  irom  a  normal  olefine  add  only  in 

d2 
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having  the  hydrogen  of  the  hydroxyl  replioed  hy  an  orgtnac  ladical 
poaittve  or  negattve. 

A  Hcondary  olejine  tfewl  ia  one  In  which  the  atom  of  carbon  united  with 
oxilyl  ia  not  combined  with  hydrozyl,  and  in  whidi  the  atom  of  carbon 

nrated  inth  hydroxyl  is  also  combined  with  two  monatomic  alcohol  radicak. 

+ 

in  tlic  above  formula  11  must  be  a  monatoinic  alcohol  radical. 

An  etherir  secondanj  olcJine  acid  is  related  to  the  secondary  olefiiic 
acids  in  the  same  way  as  the  etheric  normal  ole^e  acids  are  related  to  the 
normal  oU  tine  acids. 

The  numerons  cases  of  isomf  ri'^m  in  the  lactic  series  are  next  examined 
and  explained ;  and  the  niithors  tiien  show  how  the  rndicnls  which  are 
employed  for  the  producLioii  of  the  synthesized  acids  rnny  again  be  sepa- 
rated, thus  aiYording  analytical  as  well  as  synthetical  proof  of  the  constitu- 
tion of  these  acids. 

These  investigations  have  conducted  the  authors  to  the  following  concla- 
lions: — 

1.  All  acids  of  the  lactic  scries  arc  essentially  monobasic. 

2.  These  acids  are  of  four  species,  viz.  normal,  secondary,  normal  ole- 
fine,  and  secondary  olefine  acids  ;  and  each  of  these  species  has  its  own 
etheric  scries  of  acids,  in  which  the  hydrogen  of  the  hydroxyl  contained  in 
the  positive  or  hasyloiis  constituent  of  the  acid  is  replaced  by  a  compoimd 
organic  radic^il,  eiiher  posil  lve  or  negative. 

3.  The  normal  acids  are  derived  from  oxalic  acid  by  the  replacement  of 
one  atom  of  oxygen,  either  by  two  atoms  of  hydrogen^  or  by  oue  atom  of 
hydrogen  and  one  atom  of  an  alcohol  raJicRl. 

4.  The  secondary  acids  are  derived  from  oxalic  acid  by  the  re])lacement 
of  one  atom  of  oxygen  by  two  atoms  of  monatomic  alcohol  radicals. 

1^  5  The  olefine  acids  are  derived  from  oxalic  acid  by  a  like  substitution 
of  two  monatomic  positive  radicals  for  one  atom  of  oxygen,  with  the  addi- 
tion of  a  diatomic  radical  (C,  Hj,)  between  the  two  atoms  of  oxalyl. 

6.  The  acids  of  the  lactic  series  stand  in  the  very  simple  relation  to  the 
acids  of  the  acetic  series  first  pointed  out  by  Koibe,  viz.  that  by  the  re- 
placement, by  hydrogen,  of  the  hydroxyl,  ethoxyl,  &c.  contained  in  the 
positive  radical  of  an  acid  of  the  lactic  series^  that  acid  becomes  converted 
iuto  a  member  of  the  acetic  series. 

7.  The  acids  of  the  lactic  series  stand  in  an  almost  equally  simple  rela- 
tion to  those  of  the  acryUc  series,  as  is  seen  on  comparing  the  two  follow- 
ing formulae : — 

C(CH3)HHo  '  rC(CHJ"H. 

CO  Ho  \COHo. 
Lactie  acid.  AciyUc  acid. 


Digitized  by  Google 


186G.3  General  Sabine — Note  on  Meteorological  Corrapondence,  29 


March  B,  1866« 

Lieut.-General  SABINE,  Fiesideut,  in  the  Chair. 
Mr.  Archibald  Geikle  was  admitted  into  the  Society. 

The  foUowing  oommiiiueations  were  read 

I.  "Note  on  a  Comspondence  between  Her  Majeaty'a  GoYernment 
and  the  F^dent  and  Coondl  of  the  Royal  Society  regarding 
Meteorological  Obaervationa  to  be  made  by  Sea  and  Land."  By 
I^entenant-General  Sabinb,  P.R.S.  Beoeived  March  8^  1866. 

Iler  Majesty*8  Go%'erriineiil  having  been  pleftsed  to  consult  the  Koyal 
Society  on  ?evernl  occasions  in  the  last  few  years  regarding  the  prope  r  steps 
to  be  lakea  by  this  country,  under  the  sanction  and  authority  ol  its  Go- 
Temmcnt,  for  the  prosecutiun,  in  cooperaLioii  with  the  Governments  of  other 
States  in  Europe  aiul  A ui erica,  uf  systematically  conducted  meteorological 
observations  by  Land  and  Sea,  it  may  be  desirable  to  oiler  to  the  Fello\\  -  a 
rt^sumc  of  the  correspondence,  and  of  the  suggestioijs  which  Irum  time  to 
tiiiu'  have  been  tendered  on  the  part  of  the  Society  to  the  several  depart, 
njciita  of  the  State. 

The  corres])ondence  commenced  by  a  communication  from  the  i'orei'jn 
Office  in  March  1852,  trauBmittiog,  by  direction  of  the  Earl  of  Malmesbury, 
several  documeats  received  from  foreign  governments  in  reply  to  a  propo- 
sition  which  had  been  made  to  them  by  Her  Majesty's  Government,  for 
their  cooperation  in  establiahing  a  nniform  system  of  recording  meteorolo- 
gical obaerratioDS ;  and  requesting  the  opinion  of  the  Fkcndentand  Council 
irfthe  Royal  Society  in  reference  to  these  docoments,  and  more  especially 
in  refcienoe  to  a  oommnnication  fVom  the  Goveminent  of  the  United  States 
of  America  respecting  the  manner  ui  which  the  proposed  cooperation  might 
be  carried  ont.  - 

The  reply  of  the  President  and  ConncU  was  dated  May  10,  1852.  It 
lecognised  fully  the  importance  of  well-directed  and  qrsCemadcally  con- 
dncted  meteorologieal  ohservationfl^  not  only  for  their  scientific  value,  but 
also  on  account  of  the  important  bearing  whidi  correct  dlmatdogical  know- 
ledge baa  on  the  wdfare  and  material  interests  of  the  people  of  ereiy 
eoontry.  With  reference  to  a  specific  proposal  for  the  adoption,  by  all 
CDontries»  of  a  unifbrm  plan  in  respect  to  instmrnenta  and  modes  of  obsei^ 
vation  in  meteorological  researchea  on  land,  the  President  and  Council  ez« 
pressed  a  doubt  whether  any  practical  advantage  was  likely  to  be  gained  by 
pressing  such  a  recommendation  in  the  then  state  of  meteorological  science. 
Mtny  of  Uie  principal  Governments  of  the  European  Continent  had  akcady 
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organized  systematic  climatological  researches  tlirouglioiu  their  respective 
States  under  the  superintendence  of  men  eminently  qualitied  by  tlicorc^tical 
and  ])ractical  know1od|?e,  ninl  whose  previons  ptiblications  had  oLtaiucdfor 
them  a  general  European  reputation.  The  instruments  employed  in  each 
country  had  been  ron^^tructed  under  the  care  of  the  Superintendents,  and 
the  instruction's  lor  tlieir  use  drawn  uj)  and  pubUshed  by  them ;  the  obser- 
vations were  also  received  bv  them  and  reduced  and  coordinated,  and  were 
in  this  state  published  periodically  by  the  respective  governments.  To 
call  on  count rio?  so  advanced  in  systematically  conducted  meteorological 
observations  t  )  remodel  their  instnictions  and  instruments  with  the  view  of 
establishing  uuilormity  in  these  respects,  was  scarcely  likely  to  be  successful, 
especially  if  the  request  proceeded  from  a  country  which  |had  no  similarly 
organized  system  extending  over  its  own  area.  Moreover  the  discus&ious 
which  liad  taken  place  at  the  ^fngnetical  and  ^rcteorologicnl  Congress 
assembled  at  the  Cambridge  rtin^'  of  thr  British  Association  in  1845, 
which  was  attended  by  the  Superintoiulents  ot  the  dift'erent  continental 
systems,  had  manifested  SO  marked  a  disposition  on  the  part  of  the  meteo- 
roloiii^ts  of  the  iHtlVrent  countries  to  adhere  to  their  respective  nrraiiL:i'- 
ments  m  regard  to  in^trmnpnt«i,  times  of  observatiou,  and  modes  of  publi- 
cation, as  to  produce  a  strong  conviction  that  the  suitable  time  for  pressing 
a  proposal  for  the  substitution  of  a  uoiibrm  scheme,  however  advaatageoiu 
in  some  respects,  had  not  then  arrived. 

But  in  respect  to  Marine  Meteorology  the  case  was  widely  different ;  and 
the  suggestions  which  the  President  and  Council  felt  it  their  duty  to  offer 
on  that  subject  had  a  much  more  positive  character,  and  were  directed  to 
immediate  action.  An  application  had  becu  made  by  the  Government  of 
the  United  States  to  that  of  our  own  country  to  give  a  greater  exteusiou 
and  a  more  systematic  direction  to  meteorological  obit  rvat  ions  made  at  sea. 
Apart  from  the  important  scientific  bearing  of  such  researches,  the  well- 
kuo^vn  publications  of  Lieutenant  Maury  had  given  to  the  Government  of 
the  United  States  a  fair  claim  to  make  such  an  application  to  that  of  our 
own  country,  to  whose  commercial  interests  a  practical  knowledge  of  the 
meteorological  statistics  of  the  ocean  was  not  less  important  than  to  those 
of  the  United  States.  Accordingly,  in  their  reply  to  the  Foreign  Office, 
the  President  and  Council  did  not  fail  to  express  emphatically  their  hope 
that  the  application  for  cooperation,  thus  earnestly  addressed  by  the  Go- 
venunent  of  the  United  States,  might  not  be  addressed  m  vain. 

The  following  extracts  from  a  memoir  addressed  by  Lieutenant  Maury 
to  the  Secretary  of  the  United  States  Navy,  prliittd  in  **  Papers  presented 
to  the  House  of  Lords  by  command  of  Her  Majesty,  pursuant  to  aiuuKlre'-» 
dated  February  21,  1B53,'*  will  show  that  the  siiggtiiiuiis  ilius  made  by  the 
President  and  Council,  both  in  regard  to  Laud  and  to  Sea  M<  (eoroh  -u  al 
Observations,  were  tnlly  concurred  in  by  Lieutenant  Maury,  on  his  leturu 
from  an  official  mission  to  visit  and  report  upon  tlie  meteorok^ical  esta- 
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blishmeTits  of  the  priucipal  States  of  £urope.  Lieatnumt  Maury's  memoir 
is  dated  Xovember  6,  1852. 

"  I  would  rccominend  that  the  United  States  should  abandon,  fur  the 
present  at  least,  that  part  of  the  'UniTcrsal  System*  which  relates  to  the 
Land,  and  that  we  should  direct  our  efforts  maiiily  to  the  Sea,  where  there 

is  such  a  rich  harvest  to  be  gathered  for  navigation  and  commerce  I 

atd  mduced  to  make  this  recomnundation  in  conseqaence  of  the  evident 
rjluctance  with  which  Russia.  .Austria,  Bavaria,  Belgium,  and  nthci  puwers 
sccni  to  regard  auj  cliaiigc  lu  tLcii  sybtenis  of  meteorological  uliisLrvatious 

on  shore  Each  country  seems  to  have  adopted  a  fij.stcin  of  its  own, 

according  to  which  its  labuurera  have  been  accustomed  to  wurk,  and  to 
which  its  meteorologists  are  more  or  less  partial.  Any  proposition  havuig 
in  view  for  these  systems  a  change  so  radical  as  to  bring  them  to  uniformity, 
and  rednce  them  to  one  for  all  the  world,  mrald,  I  hare  reason  to  belioTe^ 

be  regarded  irith  Bum  or  leis  jealousy  by  many  Not  ao^  liowever^ 

with  regard  to  the  8eai  that  proposal  moeta  with  decided  fiiYOur  end 
waimeet  eapport." 

Lienteniiit  Ifeniy  then  qooCei  largely  from  the  Bepoft  of  the  Pmidiiit 
and  Coandl  of  the  Bojal  Sodety  (already  itfened  to),  end  ftom  the  atmi- 
Toneiy  eddren  of  the  Flrendent  of  the  British  Aasodatioa  el  the  Belftet 
M eetuig  In  1852,  in  iUnetralioii  of  the  adTantages  which  naTigation  and 
eommeroe  mej  derive  from  the  eztenelon  of  maritime  rceeatchni  b/  the 
propowd  coopcfation  of  Greet  Britain  and  tbe  United  Statee* 

In  June  1854  the  Board  of  IMte  informed  the  i^rendent  end  Conncil 
hj  lettar  that  thej  were  about  to  rabmit  to  Parliament  an  estimate  for  an 

office  for  the  discussion  of  obiervations  on  Meteorology  to  be  made  at  Sea 
in  all  peits  of  the  globe,  in  conformity  with  the  recommendation  of  a  con- 
ference held  at  Bmasela  in  the  preoecUng  year ;  and  that  it  was  their  inten- 
tion to  pnbliflh  from  time  to  time,  end  to  circulate,  anch  statistical  results, 
obtained  by  means  of  the  obeenrations  referred  to,  as  might  be  considered 
most  desirable  by  men  verKd  in  the  idence  of  meteorologjs  in  addition  to 
such  otber  information  as  might  be  required  for  the  purposes  of  navigation. 
To  this  end,  the  Board  of  Trade  were  desirous  of  obtaining  the  opinion  of 
tbe  Royal  Society  as  to  what  were  the  great  desiderata  in  that  science,  and 
as  to  the  forms  which  may  be  best  calculated  to  exhibit  the  great  atmo- 
spheric laws  which  it  may  be  most  desirable  to  develojie. 

The  Board  further  stated  that,  "  as  it  may  possibly  happen  that  obser- 
vations on  land  Tijmn  an  extended  scale  mny  hereafter  be  made  and  dis- 
cussed in  the  same  office,  it  is  desirnble  that  the  reply  of  the  Bojral  Society 
should  keep  in  view  and  provide  lor  such  a  coutiugcncy.** 

In  their  reply  to  this  communieution,  dated  February  22,  1Sj.5,  the 
President  and  Council  kept  carefully  i»  view  the  relative  importance  which 
the  Board  of  Trade  attached  to  the  suggestions  which  might,  be  offered 
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respecting  observations  to  he  made  at  eea,  and  oheervatione  ta  he  made  on 
land  ;  the  immediate  bearing  of  the  one,  and  the  eomHngent  and  eventual 
bcnring  of  the  other.  Tbeir  reply  consequently  bore  chiefly  on  pdnta  tQ 
be  iuvestigated  by  marine  obflenratious, — under  the  eereral  heads  of  baro- 
metric variations ;  of  those  of  the  dry  air  and  of  aqueona  vqpoar;  of  thtt 
mean  temperature  of  the  air ;  of  the  temperature  of  tlie  aea,  and  investiga- 
lions  regarding  currents;  of  storms  and  gales;  thnndantormi ;  auroras 
and  falling  stars ;  and  charts  of  the  magnetic  variation.  (Proc.  Boy.  Soc.* 
vol.  vu.  pp.  342-361.) 

These  were  treated  of  in  their  genenfity,  as  subjects  of  uiTeitigatioii  to 
be  made  (in  the  words  of  the  Board  of  Tirade)  ^'at  sea  m  aU  parts  of  the 
globe.'*  Nor  waa  the  contingeney  of  obserrationa  to  be  made  on  land  upon 
an  extended  scale,  "  which  may  hereafter  be  made  and  disensied  in  the 
same  office,"  overlooked ;  and  to  enable  the  Royal  Society  to  be  more 
ihUy  prepared,  and  to  be  ready  to  provide  for  theoontingencj  "  whenever 
it  should  present  itself,  the  Ihresident  and  Council  put  themselves  in  eom- 
muuleation  with  several  of  their  foreign  members  who  were  known  as  dis- 
tingmshed  cultivators  of  meteorological  scienoe, — having  always  in  view 
the  possibility  that,  when  the  occasion  should  oceur,  they  might  be 
prepared  to  offer  sudi  suggestions  aa  might  facilitate  the  purpose  which 
had  been  deemed  so  desirable  by  Her  Majesty's  Government  in  the  pre* 
ceding  year.  The  chief  difficulty  which  had  then  presented  itself  had 
been  the  desire  shown  by  the  meteorologists  of  the  dlffisrent  European 
States  to  adhere  to  the  instruments,  and  more  partieularly  to  the  hours 
of  observatioD,  to  which  they  had  been  accustomed.  The  hours  had  been 
selected  partly  on  grounds  of  convenience,  and  partly  In  the  bdief  that 
tbey  were  those  best  suited  to  receive  the  eorreetions  required  in  different 
localities  for  diurnal  and  casual  variations.  The  most  hopefiil  way  of  sur- 
mounting the  difficulties  in  question  would  obviously  be  the  introduc- 
tion of  instruments  which  should  be  cofi^icoiff/y  eelf-reeorimg ;  anch  in- 
struments would  in  addition  supply  the  exact  instants  of  the  maxima  and 
minima  of  the  different  phenomena — ^points  greatly  required  in  the  discus- 
sion of  the  laws  of  extensive  atmoapherical  disturbances.  At  the  epoch  of 
the  Cambridge  Congress  in  1845  it  was  understood  that  no  perfectly  reli- 
able instruments  for  continuous  record  were  in  use  amongst  the  continental 
observers.  The  self-recording  instruments  of  M.  Krdl,  employed  at  the 
observatories  of  Prague,  Senftenberg,  Vienna,  and  Munich,  and  which  had 
also  been  in  use  for  many  months  at  the  Kew  Observatory,  were  not  con^i- 
nwmefy  sdf-recordmg^  and  were  also,  in  the  opinion  of  many,  not  altogether 
free  from  objections.  The  construction  of  instruments  both  in  magnetism 
and  meteorology  which  should  serve  this  important  purpose  and  at  the  same 
time  be  free  from'  causes  of  error  in  other  ways,  had  been  a  cherished  objeet 
of  the  Committee  of  the  Kew  Observatory  from  the  commencement  of  that 
institution.  The  advance  which  had  been  accomplished  at  a  very  early 
period  may  perhaps  best  be  stated  in  the  following  extract  from  the  ftvith 
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report  of  Mr.  Roualds,  its  Director,  published  in  the  voluine  of  tlie  British 
Association  for  1847,  Trans,  of  Sections,  page  80.  "The  jirellminnry 
experiments  on  the  photographic  registration  of  the  atmospheric  electro- 
meter, the  thermometer,  the  barometer,  and  the  declination-magnet  havins 
been  long  since  completed  and  published,  and  their  results  having  warranted 
the  cost  and  trouble  of  constructiug  apparatus  of  a  durable  aufl  convenient 
character,  a  declination-magnet  and  a  barometer  have  been  mounts  1  at  Kew 
which  scrupnlously  fulfil  the  reqnisite  conditions  v»ithout  the  intervention  of 
those  friction-rollers,  levers,  ])ivots,  or  other  mechanism  which  hare  hitherto 
rendere  d  self-registering  apparatus  so  objectionable.**  Mr.  Ronalds  added 
that  it  was  his  "intention  to  provide  during  the  ensuing  year  complete 
apj  aratus  on  like  principles  tor  registering  m  many  of  the  other  meteoro- 
logi<  al  and  magnetical  instruments  as  funds  will  permit.** 

The  instruments  which  would  be  required  fur  a  complete  equipment  of  a 
meteorological  observatory  would  be  those  which  should  nntomatically  and 
continuously  record  (1)  the  variations  of  the  atmospheric  jJit^bure;  (2) 
those  of  the  dry  and  wet  thennometers ;  (3)  thoae  of  the  force  and  direc- 
tion of  the  wind ;  and  (4)  thoM  of  tbe  atnuMpheric  electricity.  Of  these. 
Not.  1  and  2,  u  )m  been  already  uad,  had  been  denaed  at  Kew  in  or 
before  1847*  Br.  BoTnoaon's  benuspherical-cnp  anemometer,  of  which  a 
deseription  was  pobltflhed  in  18S1  in  tbe  TVanaaetionB  of  the  Boyal  Irish 
Academy,  and  which  was  immediately  adopted  at  Kew,  records,  in  a  man* 
ner  which  I  bdtere  is  nniTersally  held  to  be  mieiceptionable,  the  direetbn 
and  force  of  the  wind  at  every  instant.  Tbe  electrometer  to  which  Mr, 
Ronalds  referred  in  his  report  of  1847,  though  highly  ingenious  and  yieUU 
ing  Tery  InstructiTe  results,  was  not  ecnHmtmaly  self-reeordhig^*  An 
electrometer  fidfilling  this  condition  was  oonsequentiy  a  desideratum  until 
Professor  WitUum  Thomson  devised,  and  cans^  to  be  constructed  under 
hb  own  superintendence  at  Kew,  in  the  spring  of  1861,  the  self>recording 
electrometer  which  has  been  subsequently  in  successful  work  at  that  ob- 
serfatory ;  thus  supplyiug  the  fourth  apparatus  required  for  a  complete 
meteorol(^cal  record.  It  may  be  added  that  the  Kew  Barograph  photo- 
graphs its  records  self-compensated  for  temperature;  its  curves  conse* 
quently  are  in  immediate  readiness  for  the  hthographer  or  engraver. 

Such  was  the  state  of  instrumental  preparation  at  the  Kew  Observatory 
when  the  untimely  death  of  Admiral  FitsBoy,  who  had  been  placed  by  the 
Board  of  Trade  in  charge  of  the  meteorological  office  established  in  1855, 
occarioned  a  renewal  of  the  communications  which  had  taken  place  on  the 
formation  of  the  office,  between  the  Board  of  Trade  and  the  lloyal  Society. 
In  a  letter  dated  May  26,  1865,  the  Board  of  Trade  recalled  to  the  recol- 
lection of  the  Kojal  Society  the  recommendations  regarding  marine  meteo- 
rology contained  in  the  Utter  of  the  President  r.nd  Council  of  February 
22,  1855,  stating  that  those  recommcndntions  had  been  adopted  by  the 
Board  as  the  bn^!«<  f>f  tlie  j)roceeding.s  of  the  meteoroln'ricnl  de])artment ; 
and  that  in  couiuimity  therewith  instruments  and  logs  had  been  prepared 
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and  fluniialiBd  to  ihips  prooaeding  on  distant  voyages,  and  had  hem  letomed 
to  the  office;  and  that  aome  progreai  had  been  made  in  canning  into  effirat 
the  origiual  programme  of  tabnkting  theie  in  laadineia  for  atatiitical 

It  vaa  farther  stated  that  "  in  1859  or  1860»  the  Fteneh  GoTemment 
having  adopted  a  sjsCem  of  telegraphiug  and  publishing  the  aefcoal  slate  of 
the  weather  from  one  place  to  another,  in  which  Admind  FttiBoy's  coopera- 
tion had  been  sanctioned^  a  coniidemble  part  of  the  vote  pieviously  applied 
to  obtaining  and  digesting  obseVvatioos  was  devoted  to  these  telegrams ; 
and  ibrther»  that  in  1861,  Adnursl  FitsBoy  having  grafted  on  this  system 
of  telegraphic  communication  a  system  of  forecasting  the  weather,  and,  on 
oocssions  of  anticipated  stormai,  the  giving  of  special  warnings,  commani- 
cated  by  telegraph  to  the  different  ports  and  there  made  imown  by  hoisting 
certain  iigQa3s,-*-the  whole  or  almost  the  whole  of  the  funds  originally  Toted 
for  the  purpose  of  observations  had  thus  been  diverted  from  their  original 
scientific  purpose  to  an  olject  deemed  more  immediately  practical." 

The  decease  of  Admiial  FitzRoy  afibrded.  in  the  juc^ment  of  the  Board 
of  Trade*  e  fitting  opportnnitj  to  review  the  past  proceedings  and  present 
state  of  the  meteorological  department,  and  rendered  them  desirons  of  again 
coosolttng  the  Royal  Society  on  the  constitution  and  objects  of  the  depart- 
ment»  and  the  mode  in  which  those  objects  might  be  most  effectually 
attained. 

The  pomts  on  which  the  opmion  of  the  Boyal  Society  was  specially  re- 
quested were  the  following 

1.  Are  the  pmnts  specified  in  the  letter  of  the  Boyal  Sodety  of  the  22nd 
of  February  1855  still  deemed  as  unportant  for  the  interests  of  science  and 
navigation  as  they  were  then  considered? 

2.  To  what  eitent  have  any  of  these  objects  been  answered  by  what  haa 
already  been  done  by  the  meteorolopcal  department  7 

3»  What  steps  shouM  be  taken  for  malting  use  of  the  ohservatiooa 
already  coUeeted? 

4.  Is  it  desirable  to.  make  any,  and  what»  forther  observations  on  any  of 
the  subjects  mentioned  in  the  Boyal  Sodety'a  letter  of  the  22nd  of  Febru- 
ary 1855  ? 

5.  What  is  the  nature  of  the  basis  on  which  the  system  of  daily  foieoasta 
and  storm-wammgs  established  by  Admiral  FitaBtiy  rests?  Are  they 
founded  on  scientific  prineiplea»  so  that  they,  or  any  part  of  them^  may  be 
carried  on  satisfaetorily  notwithstanding  Admiral  FitsBo/s  decease  ? 

6.  Can  the  Boyal  Society  suggest  any  improvement  in  the  form  and 
manner  of  the  process  pursued  in  forecasts  and  storm-warnings  ? 

7*  Have  the  Boyal  Society  any  general  suggeationa  to  make  as  to  the  mode, 
places  or  establishment  in,  at«  or  by  which  the  duties  of  the  meteorological 
department  can  best  be  performed?  it  bebg  understood  that  the  Admi- 
ralty are  willing  to  undertake  to  pUce  in  the  hands  of  the  Hydrographer  all 
thoae  obaervations  which  csn  properly  be  used  in  framing  charts  for  the 
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pmpoflM  of  nayigatioD,  but  not  those  wlueh  nlato  to  metaonilogy  proper 
or  meteorologietl  obMrrations  on  land. 

Sereral  documents  accompanied  this  oommanication, — amongst  th«m  a 
statement  by  Mr.  Babington,  chief  clerk  in  Admiral  FitsRoj*!  office^  ngvd- 
ing  the  method  adopted  in  the  department  in  regard  to  forecasts  and  storm- 
warnings  ;  and  returns,  exhibiting  a  comparison  of  the  probable  force  of  the 
wind  indicated  by  signals  in  the  years  ending  March  31,  1864,  and  Mtreh 
31,  18G5,  and  its  actual  Btate  as  reported  in  the  three  days  foUoinng  the 
exhibition  of  the  ^ijrnals. 

The  reply  of  the  J 'resident  and  Council  was  dated  June  15.  1865.  It 
suggested  the  continuance,  lor  tlie  piTsciit,  of  the  practice  of  forecasts  and 
storm- warnings  as  before,  and  the  coutumpd  issue  of  instructions  andformi 
to  hiu  h  masters  of  vessels  yirocecdini;  on  distant  voyages  as  might  be  ex- 
pected to  make  a  profitable  use  of  tlu  m  ;  both  thc?o  duties  to  be  continued 
under  Mr.  BalniiL'tou's  superintendeuce,  by  whom  in  cffcpt  thev  had  been 
carried  on  for  i^ome  time  previous  to  Admiral  FitzRoy's  decease .  And  it 
was  further  recommended  that  both  the  system  under  wliich  the  forecasts 
and  stonn-waniings  had  been  hitherto  carried  on,  and  the  cxtoit  and  ^  altio 
of  the  information  regarding  ocean-statistics  which  had  bem  aec  umulafed 
in  the  office  of  the  Board  of  Trade,  should  be  suhjceted  to  a  careful  exami- 
nation. These  recommeiiduUuuiJ  w  ere  adupteil  ;  and  a  Committee  has  been 
appointed,  of  three  members,  one  nominated  by  the  Board  uf  Trade,  a  second 
by  the  Admiralty,  and  a  third  by  the  Royal  Society,  to  report  on  what  has 
been  done^  and  to  suggest  any  modifications  which  may  appear  desirable  for  . 
ihelntare.  The  report  of  this  Committee  is  expected  to  uppeur  very  shortly. 

'With  reftrence  to  the  snhjectof  Land  Meteorolog} ,  the  President  and 
Coonoil  had  been  apprized  by  the  Board  of  Trade,  in  February  18j5,  tliat 
**  obecffitiona  on  land  upon  an  aztended  scale  might  hereafter  be  made 
and  diacQtsed  in  the  metaordlogioal  department  of  the  Board,"  and 
had  been  requested  to  be  "prepared  fat  such  a  contingency/*  In  the 
more  recent  eorrespoodenee  in  1865,  the  subject  of  land  obsemtioQS  was 
again  brought  ibrwiini»  and  the  Royal  Society  was  invited  to  offer  sugges- 
tions in  reference  to  it.  Thus  appealed  to,  the  F^dent  and  Council 
would  have  fiuled  m  their  duty  if  they  had  not  replied  folly  and  eipli* 
cicly  to  a  request  proceeding  from  Her  Kajesty's  GoTernmen^— Hsara* 
folly  restricting  theinselTe0>  in  their  reply»  to  such  suggestions  as  their 
own  knowledge  enabled  them  to  affirm  with  eonfidenoe  could  be  carried 
into  practical  operation,  and  which  at  the  same  tune  enabled  them  to  re* 
sp  r  nd  to  the  more  general  inqoiry  in  the  letter  from  the  Board  of  the  26th 
of  May  1865,  ^iz.  "Have  the  Royal  Society  any  suggestions  to  make  as 
to  the  mode,  place,  or  establishment  in»  at,  or  by  which  the  duties  of  the 
meteorological  department  can  best  be  p^ormed  ? 

The  reply  of  the  President  and  Council  was  as  follows : — "  There  remahi, 
therefore,  to  be  noticed  solely  the  considerations  which  relate  to  '  Meteo* 
rology  proper,'  u    to  the  Land  Meteorology  of  the  British  Islands.  We 
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find  that  tlie  principal  stati  ;>  of  the  European  Continent  have  almost  with- 
out exception  foi  incd  cstabiUhmcuts  for  the  collection  and  publication  peri- 
odically of  the  meteorology  of  their  respective  countries.  The  arrange- 
ments consist  usually  of  a  central  office,  at  which  instruments  and  instruc- 
tions are  provided  for  a  number  of  stations,  greater  or  less,  according  to  the 
area  which  they  represent  •  at  which  stations  observations  are  made  and 
transmitted  to  the  central  uitice,  where  the  results  of  all  are  reduced,  coor- 
dinated, and  published.  The  small  extent  of  the  area  comprised  by  the 
British  Tflniuis  in  comparison  with  the  territories  of  many  of  the  European 
States  may  require  fewer  stations  j  but  in  a  matter  now  so  generally  at- 
tended to  and  provided  for,  it  seems  scarctly  fitting  that  our  country  should 
be  behind  oliieis.  There  is,  moreover,  a  peculiarity  in  tlie  mctcorolojrical 
position  of  the  British  Islands  in  resjiect  to  Europe  generally  as  its  nurtb- 
western  outpost,  in  consequence  of  which  an  especial  duty  a])pcars  ta 
devolve  upon  us.  M,  Mattcucci,  in  a  very  recent  pubHcation,  has  already 
made  the  important  remark  that  extensive  atmospheric  disturbances  which 
first  invade  Ireland  and  England  are  those  which,  in  winter  more  especially, 
extend  to  and  pass  the  Alps  (although  somewhat  retarded  by  them),  and 
spread  over  Italy  ;  and  that  storms  so  telegraphed  from  England  have 
actually  reached  Italy,  and  have  been  found  to  correspond  with  the  accouuts 
subsequently  received  from  Italian  ^leditcrranean  Ports. 

"A  few  stations — say  six,  distributed  at  nearly  equal  distances  in  a  nicii- 
dional  direction  from  the  south  of  England  to  the  north  of  Scotland,  fur- 
nished with  self-recurJiiig  instruments  supplied  from  an  1  duly  verified 
at  one  of  the  stations  regarded  as  a  central  station,  and  exhibiting  a  cunti' 
uuGus  record  ut'  the  temperature,  pressure,  electric  and  hygrometric  state 
of  the  atmosphere,  and  of  the  force  and  direction  of  the  wind — might  pcr- 
ha])S  be  sufficient  to  supply  auLlionlative  knowledge  of  tiiusc  peculiarities 
in  Llie  meteorology  of  our  country  which  would  he  viewed  as  of  the  nu)>t 
importance  to  other  countries,  and  would  :it  the  baiiic  tunc  form  authentic 
points  of  letcrtacc  lor  I  lie  use  of  our  owu  lucLeorologists.  The  scientific 
progress  of  meteorology  from  this  time  forward  recpiires  indeed  such  con- 
tinuous records — first,  ibr  Llie  sake  of  the  knowledirc  v  hich  they  alone  cau 
effectively  supj)ly,  and,  next,  for  com])arison  with  the  ro-DuU-  of  independent 
observation  not  continuous.  The  actual  pliotograms  or  oilier  inechanic.vl 
representations,  transmitted  weekly  by  jiost  to  the  eentrul  itatiou,  wuuld 
constitute  a  lithographed  page  for  each  day  ni  the  year,  comprehending 
the  phenomena  at  all  the  six  stations,  each  separate  curve  admittinp;  of 
exact  measurement  from  Us  own  baac-liue,  the  jiieciac  vulue  of  whicii  uii^ht 
in  every  case  be  specified. 

"The  President  and  Connril  suggest  tliat  the  obsen'atory  of  the  I3riti»li 
Association  nt  Kew  might  with  much  propriety  and  jiublic  advantage  he 
adopted  as  the  central  meteorological  station.'' 

It  has  been  aUeady  bhown,  in  thc^cailicr  part  of  this  communication^ 
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that  the  Kcw  Oij^orvatory  possesses  all  the  instruments  required  in  a  com- 
p!f.':.j  -^y>t  ot  contiauows  self-rccordinj?  meteorological  observation.  These 
are  well  known  to  the  Directors  of  inany  lueteorological  observatories  both 
at  home  and  abroad,  wh  j  in  several  instances,  after  personal  examination, 
have  apphed  for  and  olttained  for  their  own  establishments  similar  instru- 
ments prepared  under  Liu  Superintendent  of  the  Kew  Observatory,  Mr. 
Balfour  Stewart.  Thus,  Baiograplis  ou  tlie  Kew  pattern  have  been  sup- 
plied to  Oxford,  St.  Petersburgh,  and  Coimbru  ;  AucinouieLtrs  to  St.  Pe- 
tersburgh,  Odessa,  Melbourne,  Coimbra,  Ascension,  Madras,  Agra,  and 
two  meteorological  stations  established  by  Admiral  FitzRoy;  Klcctro- 
graphs  to  lisbon  and  Coimlira.  Tbere  would  be  no  difficulty  (as  was  stated 
In  the  letter  to  the  Board  of  Trade)  in  preparing  instramente  at  Kew  for 
afli1iat<Ml  meteoiological  statlona  in  Britain,  and  in  arranging  for  thdr  Teri- 
fication  and  oompanson  with  the  Kew  standards*  as  well  as  in  giving  to  those 
in  whose  hands  they  may  be  placed  snch  instruetbna  as  may  ensure  unifor* 
mity  of  operation.  Snch  fnnetiona  constitute  in  fiict  part  of  the  original 
purposes  of  the  InsCitntion  at  Kew,  and  are  in  continual  exercise  both  for 
nugnetism  and  for  meteorology. 

It  is  not  nnreasonable  to  anticipate  that  the  anooess  of  anch  a  system  of 
continnona  aeIf*reoording  meteorological  observationt  exemplified  over  the 
limited  area  of  the  British  Islands^  might  oocasion  its  wider  extension*  and 
tbns  contribnte  to  the  virtual  fulfilment  of  the  desire  expressed  by  Her 
U^es^a  Government  in  1852  *'  for  the  adoption  of  a  genersl  and  uniform 
plan  of  making  and  recording  meteorological  obserrations/' 

Postscript,  March  23.— Since  this  "Note"  was  commnnieated  to 
the  Koyal  Society,  I  have  read  with  great  satisfaction  the  opinion  ex- 
pressed in  the  following  extract  from  the  llcport  of  a  Committee  assem- 
bled at  the  Board  of  Trade  to  consider  certain  questions  reiatiag  to  the 
Meteorological  Department  of  the  Bonrd,"  pages  52,  53  : — 

"There  is  donbt  that  It-recording  instruments  are  urgently  needed 
iu  the  present  state  of  meteorological  science,  and  that  they  will  soon  in  all 
]irohal)ility  be  largely  employed  both  in  this  country  and  abroad.  Their 
advantages  are  manifest.  By  reason  of  the  continuity  of  tlieir  records,  no 
ware  or  variation  of  any  description  in  any  of  the  meteorological  elements 
can  escape  notice,  and  the  course  of  tliat  wave  or  variation  can  be  tracked 
with  certainty  from  station  to  station,  and  its  moditication  at  the  time  of 
reaching  each  station  iu  succession  can  be  accordingly  observed.  For  the 
same  reason  one  difficulty,  now  seriously  felt,  in  charting  the  weather,  viz. 
that  which  arises  from  observers  in  different  places  and  oountrles  adopting 
different  hours  of  observation,  would  wholly  disappear;  aud  a  further 
difficulty,  viz.  that  which  arises  from  observers  being  uupunctual  to  their 
professed  hours  of  observation,  would  disappear  also.  The  unvarying 
accuracy  of  the  record  is  an  advantage  of  still  greater  importance  than 
might  be  expected  by  thuse  who  have  had  no  experience  of  the  frequent 
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errors  to  be  found  in  meteorological  registers.  Each  error  creates  con- 
siderable confusion;  it  tlirows  doubt  ou  the  obsenatioiis  accurately  made 
at  neighbouring  places  ;  and  that  doubt  cannot  be  removed  except  by  the 
continuity  of  the  records  at  those  places.  This  continuity  is  uuattaioable 
unless  the  weather  happens  to  be  uniform  over  a  xvide  district,  or  unless 
observations  are  iimde  at  many  more  places  than  ^voidd  be  needed,  if  reli- 
ance could  be  placed  upon  the  accuracy  of  the  oljservers.  Another  advan- 
tage of  self-recording  instruments  is  that  their  reeonls  arc  indcpeiideiit  of 
particuliir  scaleij.  Their  notation  is  in  lines  and  curves  that  can  be  mea- 
sured with  equal  facihty  according  to  any  desired  scale.  The  therntonicter 
lines  could  be  measured  at  pleasure  according  to  Fahrenheit's  scale,  as 
used  in  England ;  to  the  Centigrade,  as  in  France ;  or  to  Reaumur's,  as  in 
Germany.  The  barometer  lines  could  be  measured  ^vith  equal  case  in 
£nglish  inches,  in  millimetres,  or  in  Paris  feet.  For  the  various  reasons 
we  have  mentioned,  self-recording  instruments  are  of  eminent  local  and 
international  utility.  The  establishment  of  a  series  of  them  in  Enp^land 
would  confer  u  wide  benefit.  They  would  give  precision  and  f'uhu  to 
the  charts  of  our  own  weather;  they  would  set  an  example  that  foreign 
governments  wouM  soon  follow ;  and  they  would  afford  material  in  a  very 
acceptable  iorm  to  meteorologists  at  home  and  abroad  lor  the  discuasioii of 
the  weather  oi  Europe  at  large." 

11.  "On  the  Action  of  Compasses  in  Iron  Ships."  By  Mr.  John 
Lille Y.  Communicated  by  Sir  W,  Skow  Ua&eis^  If.E.S.  Ee- 
oeived  liebroaiy  9^  I8t>6. 

Alduragh  mtny  ably^written  papers  upon  thii  tnbject  hm  it  varioiw 
timee  appeared,  none  of  them  seem  to  be  of  that  simple  practical  diameter 
as  to  aapeteede  the  necessity  of  any  further  investigation  of  tbe  subjeel^or 
deter  Uie  author  from  submitting  to  the  Royal  Society  the  regulte  of  mmty- 
yean'  practical  experience  in  the  conetroetioii  of  the  manner's  cxmpim,  and 
its  adjustment  in  iron  ships.  These  results  are  given  with  a  view  to  ad- 
Tanee  onr  knowledge  of  this  important  and  great  practical  scieatific  ques- 
tioUf  and  to  add  still  more  to  the  security  of  life  and  property.  In  tfaa 
present  day^  when  iron  shipbuilding  is  so  widely  extending,  it  is  presumed 
that  the  most  humble  offering  tending  to  pbwe  the  directive  action  of  the 
compass  bejond  the  reach  of  disturbiog  magnetic  tiroes  may  not  be  nnao> 
ceptaUe. 

It  is  nnnecessaiy  here  to  enter  into  a  mathematical  investigation  of  the 
properties  or  magnetic  condition  of  iron  ships,  this  part  of  the  sabject 
having  been  already  ftiUy  treated  and  developed  by  many  learned  men. 
The  author  rather  proposes  to  eonime  himself  to  the  consideration  of  the 
probable  causes  of  the  disasters  so  frequently  attendant  on  the  navigation 
of  iron  and  other  ships,  through  defective  compass  guidance  s  anch  disasters^ 
according  to  the  aaUmr's  experience^  may  be  traced,  in  a  large  minority  of 
caBca»  to  one  or  other  of  the  following  causes:— 
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1 .  The  improper  constriiction  and  position  of  the  Bteering  bhmaole 

and  compass. 

2.  The  too  frequent  habit  of  placing  all  reliance  upon  the  steering 
binnacle  compass. 

3.  Allowing  the  compares  to  be  too  long  in  use  wiUiout  due  exa- 
mination. 

4.  TLe  improper  manner  in  which  tlie  coiupasses  have  been  adjusted, 

1.  The  con«trnction  of  the  compass  is  at  all  times  n  matter  of  G:rcat  im- 
portance, but  when  apphed  to  the  case  of  an  iron  b\n\)  it>  value  is  increased 
tenfold;  It  is  most  essential  that  the  compass  should  be  ot  tlie  best  attainable 
description,  and  so  con>irnc({  1  that  its  centre  and  pivot  should  be  subject 
to  the  smallest  possible  amount  of  friction,  in  order  that  the  needles  may  be 
entirely  free  to  follow  the  directive  force  of  the  earth,  and  have  at  the  same 
time  great  retentive  power.  Some  years  since  the  author  observed,  when 
adjusting  an  iron  steamer's  compass  furnished  by  him  with  very  powerful 
needles,  discarded  from  some  previous  txptriments  in  magnetism,  aud 
which  were  only  4  inches  in  lenuth,  that  more  than  usually  satisfactory 
results  were  obtaiiitd  ;  the  deviations  were  of  a  smellier  value,  aud  far  more 
uniform  than  when  using  needles  of  greater  length.  He  has  since  adopted 
the  practice  of  employing  needles  not  exceeding  6  inches  in  length,  even 
for  cards  of  the  largest  diameter. 

The  positum  of  the  compass  is  also  important ;  it  ifl  an  objectionable 
pneliee  of  too  fteqimt  oeeaifenoe^  even  iriCh  the  ot&otaj  plane  s{^ndle 
and  hanel,  to  plaoe  the  hiunade  near  the  steering-wheel ;  irith  the  screw 
ftppantofl,  amui,  and  leren  the  praetioe  heoomea  extremely  daogerous,  the 
whole  maas*  from  the  ptoceia  of  mannfactnre*  bemg  found  highly  magnetie. 
The  idea,  however,  pievaila  that  all  this  is  a  matter  of  indifliBtenoe,  amce  the 
eonnteiactbg  magnets  an  supposed  to  neatraliie  ill  magnetie  distarbanoe. 
The  rems^  however,  is  the  ease ;  many  instances  have  come  nnder  the 
anthof  8  notice  practicaHj  in  which  errors  have  arisen  solely  Ihmi  this 
csDse,  hot  which  cessed  to  exist  on  the  reHkOval  of  the  bimiacle  to  a  distance 
of  4  feet  from  the  spnidte,  or  twice  the  origbial  distance. 

It  wonld  be  ftr  better,  in  sU  cases,  if  tiie  steering-wheel  conid  be  placed 
before  the  misen-mast  of  ships,  mstaid  of  abaft  and  dose  to  the  stem,  as  is 
generslly  the  case ;  compasses  would  invariablj  act  better  and  be  snbject 
to  smaller  changes. 

2.  It  is  too  fieqnentljthe  practice  to  place  exdnsiTe  reliance  upon  the 
^iMfwy-eompass  ;  this  may  be  attended  with  less  trouble  to  the  navigetor, 
but  is,  as  regards  the  safety  of  the  ship.  Toy  perOous.  As  ships  are  now 
fitted,  the  steering-compass  is  placed  yery  near  the  stem ;  and  since  in  iron 
ahips  the  magnetic  forces  are  generally  concentrated  at  the  two  ends  of  the 
vessel,  it  must  be  obvious  that  it  is  placed  at  that  spot  where  the  greatest 
variations  may  be  expected.  Every  iron  ship  should  be  furnished  with  a 
properly  constructed  standard  binnade  not  less  than  5  feet  high  ahove  the 
deck,  soitab^  placed,  and  containing  a  compass  fitted  in  the  most  goop 
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Tentcnt  manner  for  taking  observations  without  the  aid  of  compensating 
magnets.  By  this  compass  alone  should  the  ship  be  naoiffatedi  the 
steering-compass  is  simply  the  helmsman's  guide*  Many  iron  ships  have 
been  fitted  with  two  navigatmg  binnacles,  the  one  for  steering^  and  the 
other  at  the  fore  part  of  the  poop,  both  furnished  with  compensating 
magnets,  and  obviously  both  subject  to  the  same  dianges  incident  to  the 
change  of  hemisphere ;  cases  of  ships  thus  fitted  haye  come  under  the 
author^B  notice*  ^  which  many  proTidential  escapes  ftom  wreck  have 
occuned  on  the  return  passage  from  India ;  In  one  particular  instance^  land 
was  made  on  the  coast  of  Ireland  when  the  commander  imagined  he  was 
entering  the  channel,  an  error  that  conld  not  have  arisen  had  the  ship  been 
furnished  with  an  uncompensated  standard  compass  instead  of  a  compen- 
sated compass. 

In  the  uncompensated  compass,  the  chsnges  of  deviation  are  far  less  than 
would  be  found  in  a  compensated  compass  placed  not  more  than  2  feet 
above  iron  beams.  Very  fall  directions  on  this  subject  will  be  found  in 
the  valuable  work  of  the  late  C^pt.  £.  J.  Johnson,  R.N.,  and  it  is  much  to 
be  regretted  that  this  work  is  not  more  studied  by  commanders  and  officers 
of  iron  ships. 

3.  Frequent  disasters  have  been  found  to  occur  in  consequence  of  allow- 
ing the  compass  to  be  too  long  in  use  without  due  examination,  more  par- 
ticularly in  steam-vessds  goiog  short  v«>yages  s  the  author  is  led  to  this  oon- 
duston  from  the  fact  of  having  readjusted  iron  vessds*  compasses  stated  to 
be  largely  in  error,  but  subsequently  found,  on  swinging  the  ship,  to  have 
a  comparatively  small  error,  the  supposed  error  bdng  referable  to  a 
defective  centre  and  pivot  in  thecompass  itself  whidi  prevented  the  needle 
from  reaching  its  meridional  position.  In  sudi  cases  an  error  of  8"  or  1(P 
has  been  often  observed  s  the  importance  of  such  an  error  in  narrow 
channels  is  too  obvmns  to  require  comment. 

There  are  valuable  and  mmple  appliances  whidi  to  a  very  great  extent 
remove  this  difficulty,  and  which  are  comparativdy  inexpensive ;  it  is  to 
be  mudi  rq^tted  that  a  great  indifference  to  the  state  of  vessels*  com- 
passes exists  in  the  minds  of  those  under  whose  care  the  compasses  are 
often  placed,  and  who^  it  might  be  expected,  would  ftom  experience  have 
been  more  sensitivdy  alive  to  the  absolute  necessity  of  keeping  the  com- 
passes, as  iiir  as  possible,  in  a  state  of  efficient.  If  a  compass  looks  clean 
upon  its  snriiMe,  it  is  believed  to  be  in  a  perfect  state*  although  it  may  have 
been  stowed  away  with  the  card  upon  the  pivot  without  any  protection, 
thus  interfering  with  the  most  important  of  its  working  parts ;  as  a  conse- 
quence^ the  card,  when  reqtured  for  use^  will  be  sluggish  upon  its  pivot,  and  a 
false  indication  of  the  direction  of  the  vessd's  head  is  an  unavoidable  result. 

4.  A  defective  adjustment  of  the  compass  is  again  a  vital  source  of 
error.  This  mainly  depends,  1,  on  the  locality  in  which  the  vessel  is 
swunf^  which  u  too  often  a  dock,  where  other  iron  vessds  lie  in  dangerous 
proximity ;  2,  a  want  of  due  precaution  on  the  part  of  the  a^uiter«  in  the 
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place  selected  for  the  shore-compass.  This  is  a  matter  of  great  importance^ 
far  more  than  is  often  supposed.  As  tht  corrections  made  on  hoard  neces- 
sarily depend  upon  the  bearings  given  from  the  shore,  if  these  are  faulty,  the 
8hip*s  compass  cannot  be  otherwise  than  incorrect. 

The  author  has  more  than  once  seen  a  shorc^mpass  within  a  veiy  short 
distance  of  an  iron  shed.  The  prevailing  practice  of  swinging  a  ship  in 
the  short  space  of  two  hours  is  also  very  objectionable ;  it  is  utterly  im- 
possible to  regulate  conipc  nsating  magnets,  and  to  make  the  requisite  ob- 
servations for  the  use  of  soft  iron,  in  so  short  a  time ;  it  does  not  allow  the 
vessel  to  be  stayed  upon  the  several  points  for  a  sufficient  scrutiny  of  the 
compasses,  sometimes  three  in  number,  and  the  results  are  too  often  merely 
guessed  at,  and  thus  all  the  advantages  of  that  admirable  system  of  adjust- 
ing iron  vessels*  compasses,  introduced  by  the  Astronomer  Royal,  and 
which  are  invaluable  to  our  coasting  and  short  voyage  vessels,  are^  to  a 
great  extent,  negatived. 

London  is  unfortujiatcly  very  badly  providcil  with  the  means  of  adjiisting 
the  compasses  of  iron  ve^^^c]--,  and,  as  their  number  is  so  much  increasing, 
this  subject  is  diiily  becoming  more  important  j  the  docks  are  crowded,  and 
it  is  by  mere  chance  that  in  the  Victoria  Dock,  tlic  only  available  dock  at 
our  command,  a  sufficiently  clear  space  is  to  be  met  with.  Greenhithe 
remains  as  the  last  resource  in  thisdikMuma  ;  liere  moorings  have  been  laid 
down  by  the  City  authorities  for  the  use  of  merclmnt-vessels,  but  they  are 
too  near  the  edge  of  the  tide.  A  very  strong  down  current  exists  ;  tlie 
entire  space  of  slack  water  in  the  Reach  is  occupied  by  tivo  sets  of  Tuooi  ings 
f(,r  the  use  of  the  Royal  Navy.  It  would  be  a  very  great  boon  if  one  of 
t)ie.<<;c  ?>cts  uf  moorings  were  allowed  to  be  used  by  the  merchant  service, 
when  not  required  for  Her  Majesty's  Navy.  It  rarely  happens  tlmt  both 
sets  of  moorings  are  at  the  same  time  required  for  use.  As  the  swinging  a 
ship,  moreover,  at  Greenhithe  is  entirely  dependent  upon  the  tide,  it  must 
be  commenced  with  the  flood,  added  to  which,  the  operation  is  often  much 
impeded  by  the  wind,  so  that  in  the  winter  months,  when  the  days  are  short, 
and  the  seven  hours  of  ebb  occur  during  nearly  the  whole  of  daylight, 
much  serious  delay  is  the  result ;  the  author  has  often  occupied  three  days 
in  adjusting  a  ship's  compasses. 

The  construction  of  a  dock  for  this  purpose  would  be  very  desirable ;  the 
expense  may  be  urged  against  the  proposal ;  but  surely  in  London,  one  of 
the  greatest  mercantile  cities  in  Europe,  such  an  undertaking  should  be 
regarded  as  a  national  matter,  and  it  is  believed  that  shipowners  would  not 
object  to  pay  a  small  rate  of  charge  for  the  use  of  such  a  dock  which  might 
render  it  self-supporting. 

An  opportunity  for  constructing  such  a  dock  may  possibly  arise  in  the 
formation  of  the  new  docks  at  Dagenham,  where  the  expense  of  an  entrance 
would  be  saved  by  simply  making  a  basin  from  the  dock  large  enough  to 
swing  n  ship  400  feet  in  length  round  a  dolphin  placed  in  the  centre,  and 
well  supplied  with  mooring-posts  for  ropes  to  be  made  fast  to,  and  a  suitable 
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spot  fof  the  Bhore  obaenrer — of  course  removed  from  all  possibility  of  sttiwe- 
tioti  by  iron  in  the  immediate  Ticinity ;  such  basin  to  be  kept  exdnsively 
for  this  purpose,  and  known  as  **  The  Ship-swinging,"  or  '*  The  Compass* 
adjusting"  Dock* 

With  the  view  of  deducing  a  practical  result  from  what  has  been 
advanced  in  the  foregoing  remarks,  the  author  would  most  strongly  urge 
the  necessity  of  some  official  inspection  of  iron  vessels  with  reference  to 
their  compass-fittings.  A  code  of  rules  and  instructions  might  be  laid  down 
for  this  purpose ;  thb  would  be  essential  in  the  cases  of  nm  ships ;  M 
ships  should  be  examined  at  stated  times,  and  certificates  of  compass 
adjustment  he  recognized  by  the  appointed  officer  solely  from  those  who 
can  furnish  evidence  of  having  been  properly  instructed  by  competent  per- 
sons, so  that  such  an  important  work  should  not  be  allowed  to  be  takea 
up  and  carried  on  by  any  amateur  as  hu  fancj  may  dictate. 

It  may  be  a  question  how  far  a  Government  inspection  would  be 
cordially  received  by  shipowners  or  public  companies ;  it  might  by  some  be 
regarded  as  an  undue  interference ;  the  Government  also  might  be  indis- 
posed to  incur  the  cost  of  an  extra  office,  with  all  its  details ;  it  might  be 
more  properly  thoaght  a  matter  for  the  consideration  of  Lloyd's.  It  is  a 
question  assuredly  in  which  underwriters  are  laigely  and  personally  inter- 
ested, and  they  already  hold  arbitrary  powers  as  concerns  the  construction 
of  the  hull  of  a  ship.  The  simple  question  of  the  compass  as  a  means  of 
safety  is  comparatively  disregarded.  - 

The  above  suggestions  are  offered  with  great  deference,  and  the  author 
would  rather  leave  the  subject  in  the  hands  of  those  more  conversant  with 
legislation  than  himself;  but  he  cannot  refrain  from  repeating  that  the 
results  of  his  own  practical  experience  (which  has  been  of  no  small  amount) 
convince  him  that  an  official  supervision  of  the  compass-fittbgs  of  iron 
ships  has  become,  from  various  causes,  absolutely  requisite. 

III.    On  the  Tidal  Carreuts  on  the  West  Coast  of  Scotland.''  By 
Archibald  Smitb,  M.A.,  F.R.S.    Received  March  1,  18G6. 

The  tiilal  currents  on  that  part  ot'  the  west  coast  of  Scotland  which  is 
comi»n  ( (I  !)Ptw-cen  the  Mull  of  Cantyre  anil  the  Island  of  Mull  nin  in 
general  with  -nat  velocity.  Tlieir  velocity,  direction,  and  the  time  of  their 
change,  or  <it"  slaek  wnttr,  are  therefore  in  ifters  of  urent  in)]>ortaiice  to 
navigators.  On  the  ollu  r  hand,  the  rise  and  fall  of  the  tide  is  so  small, 
and  tlie  dtptli  f!runt<T  iu  the  channels  and  (he  harhours  so  considerable, 
that  the  times  of  high  and  low  water  are  of  comparatively  small  import- 
ance. 

tlic  laws  of  the  currents  are  thus  of  more  importance  than  the 
laws  ui  the  ri.-c  and  fall  of  the  ti(U-,  they  are  also  much  more  simple.  The 
times  of  high  and  low  water  are  very  diiferent  at  differeut  parts  of  the 
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coast,  wbile  the  times  of  slack  water  are  nearly  the  same  throughout  the 

whole  region  in  question.  In  a  great  part  of  this  region  the  current,  \»-hich 
sets  for  six  hours  in  one  direction,  lias  no  distinct  title  to  be  considered 
citVier  a  flood  tide  or  an  ebb  tide.  The  consequence  is,  that  to  describe 
the  laws  of  tlie  currents  by  reference  to  the  time  of  high  and  low  water, 
introduces  great  and  unnecessary  complexity.  The  appliratinn  to  the 
currents  of  the  -method  tiri^t  applied  by  Admiral  Becrhcv  to  the  tidal 
stream  of  the  English  Chrumel  and  German  Ocean  (Phil.  Trnn*<,  1H51, 
p.  70^i)  introduces  at  oocl-  nrder  and  simplicity,  and  makes  that  intelligible 
which  before  was  only  a  confused  mare. 

In  tlie  lulluwing  paper  an  attempt  is  made,  from  the  materials  to  be 
found  in  the  charts  of  the  Admiralty  Snrvey  of  the  west  coast  of  Scotland, 
now  uearly  completed,  to  obtain  a  fir!»t  apjiruvimalion  to  a  tidai  ehart  of 
the  west  coast  of  Scotland.  For  this  purpose  1  liavc,  with  the  kiiid  assis- 
tance of  Commander  Kvans,  F.R.S.,  the  first  Naval  A.ssistani  to  the 
Uydrographer  of  the  Navy,  deduced  from  the  charts  nil  the  information 
to  be  there  fouud  as  to  the  direction  and  times  of  change  of  the  tidal 
stfcamss  as  well  as  the  times  of  high  and  low  water.  The  latter  are  indi- 
eaCed  u  the  wital  way  by  Roman  nnmerals,  which,  to  avoid  eonfosion,  are 
alwajrs  within  the  land.  The  times  of  change  and  direction  of  the  currents 
are  described  by  a  particular  symbol  which  I  have  iband  convenient  few 
the  purpose,  and  which  I  will  now  describe. 

In  the  seaswhidi  we  are  considering,  the  stream  at  any  point  generally 
flows  for  tax  hoars  in  one  direction  and  for  six  hours  in  the  opposite  direc- 
tion.   This  may  be  conveniently  indicated  by  the  following  symbol : — 


v\l)ii  h  indicates  a  btream  flowing  from  XIl.o'clocIv  to  VI.  luwurds  the  east, 
and  from  VI.  to  XIT.  tow;inl>  tlie  west. 

In  this  notation,  for  hiini[iliriry,  the  inter\  al  of  the  tide  is  considered  as 
12  hours  iusteaii,  as  it  really  is,  about  I.!''  '2o"\  The  hours  are  expressed 
iu  Greenwich  mean  time. 

The  same  symbol  is  adapted  to  the  case  of  a  stream  (lowing  longer  in  one 
direction  than  in  the  other.  Thus  in  the  Sound  of  Sanda  the  stream  at  full 
and  change  may  be  indicated  by 


iTidieating  tliatifc  flows  seven  hours  towards  the  west  and  live  hours  to  the 
east. 

The  velocity  of  the  stream  may  be  expressed  by  the  length  of  the  ft  mi  re, 
or  sometimes  more  conveniently  by  separate  lines,  the  terminations  of  \Nliich 

are  well  marked  as   |--—  -j,   the  length  of  the  lines  iinhcaijng  either  the 

velocity  at  the  middle  of  tlie  stream,  or,  if  it  is  luuud  more  convenient,  the 
whole  distance  wiucii  a  particle  of  water  moves  iu  one  tide. 
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I  rnav  observe  that  an  aimloL'ous  symbol  may  be  n«ed  to  express  the 
mere  coinplicnted  tides  wliicii  oceiir  where  dift'crent  streams  meet.  Thus 
near  the  EddyAtoue  the  stream  may  be  expressed  by  a  symbol  of  tliis  kiud : — 


the  bearing  and  distanee  of  the  centre  of  the  diagram  from  anv  numeral 
indicatuig  the  direction  and  rate  of  stream  at  that  hour. 

The  time  of  high  and  low  water  in  the  region  which  we  are  coneideriog 
may  be  thus  described.  Near  the  two  extremities,  tis.  the  GianCs  Cause- 
way and  the  Island  of  Eysdill,  the  time  of  high  water  at  full  and  change  is 
nearly  Greenwich  time,  being  very  nearly  that  due  to  the  Great  Atlantic 
tidal  ware  propagated  from  S.W.  to  N.E.,  and  the  same  is  very  nearly 
the  hour  of  high  water  on  the  chain  of  islands  of  which  IsU,  Jura  and 
Scarha  are  the  chief.  But  along  the  coast  of  the  mainland  of  Irebind  and 
Scotland  the  case  is  Tery  diiferent.  Between  these  two  countries  is  the 
great  opening  into  the  Liverpool  basin,  in  which  it  is  high  water  about  XI. 
The  change  in  the  time  of  high  water  takes  place  by  the  following  grada- 
tions : — At  Giant's  Causeway  it  is  high  water  about  VL,  at  Ballycastle  VII^ 
Torpoint  X.,  Mull  of  Cantyre  XI.,  Gigha  II.,  Loch  Killispoint  IV.,  Eys- 
dill and  Scarba  V,  Jura  and  Islay  V|.  But  while  the  hour  of  high  water 
varies,  the  stream  through  nearly  the  whole  of  the  region  runs  from  X.  to 
IV.  in  one  direction  and  from  IV.  to  X.  in  the  other. 

Between  the  Mull  of  Cantyre  and  the  N.E.  coast  of  Ireland,  the  X.  to 
IV.  stream  runs  to  the  north. 

The  most  westerly  part  turns  to  the  west,  and  runs  through  the  Sound 
of  Rathlin  along  the  north  coast  of  IreUnd  i  the  central  part  flows  to  the 
N.W.  past  the  Rhynns  of  Islay ;  the  easterly  part,  which  has  flowed  partly 
through  the  Sound  of  Sanda,  turns  sharply  round  the  Mull  of  Canlyre, 
and  flows  to  the  northward,  pouring  with  great  velocity  through  the  nar- 
row openings  in  the  chain  of  islands,  viz.,  the  Sound  of  Islay  between  Islay 
and  Jnrn,  the  Gulf  of  Corry  A'reekau  l)etween  Jura  and  Scarba,  the  littla 
Corry  Vrecka  i  I  t  ween  Scarba  and  Luiiga,  the  Slate  Isles  and  the  Cuan 
Sound  ;  of  these  the  little  Corry  Vreckan  is  quite  impassable ;  and  Corry 
Vreckan  and  the  Cuan  Sound  are  seldom  attempted  except  near  slack 
rater. 

These  channels  open  into  the  basin  which  lies  between  Jura  and  lona — > 
a  comparatively  tidelcss  sea,  owing  apparently  to  the  circumstance  of  the 
ocean  tide  from  the  outside  of  Isla  rising  to  nearly  the  same  height  as  that 
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vlilch  pours  thrtJiigli  tlie  openings,  so  that  the  tidal  stream  would  be  little 
altered  by  buiiUniLr  a  dam  from  Islay  to  the  lloss  of  Mull. 

The  questiou  may  now  ]>v  a>k,Ml,  Is  tlie  great  X.  to  IV.  stream  which 
has  just  been  desrrihtd  a  liood  or  nn  phi)  tide?  So  far  as  regards  the 
Mull  o(  Cuntyrc,  I*  airlieatl,  and  all  that  lies  to  the  south  or  east,  it  is  a  true 
ebb  tide.  So  far  as  regards  Jura,  Searba,  and  the  coast  to  the  north  and 
east,  it  id  a  true  flood  Liiie ;  but  as  regards  a  Lrreat  part  of  the  region  in 
question,  it  cannot  be  called  either  a  ilood  or  an  ebb  uJe,  aiul  much  con- 
fusion is  occasioned  in  the  Charts  hy  attempting  so  to  distinguish  it. 

At  the  south  end  of  Gigha  in  tiie  Admiralty  charts  an  arrow  is  laid 
down,  indicating  that  the  flood  tide  runs  to  the  northward  ;  and  a  few  miles 
sooth  of  this,  another  sfTOw  is  laid  down,  indicating  that  the  flood  tide  raiis 
to  the  southward.  From  these  arrows  we  might  expect  to  find  at  this 
place  a  meeting  of  the  tide  and  a  sadden  change  in  the  direction  of  the  flood 
stream.  Bot  the  stream  which  is  indicated  by  these  arrows  is  nothing  more 
thnn  the  great  X.  to  IV.  northerly  current  which  we  have  described.  The 
spot  which  is  treated  as  a  meeting  of  the  tidefl»  is  merely  that  at  which  it  is 
high  water  at  I.  North  of  this,  for  more  than  three  hours  of  the  X.  to  IV. 
stream,  the  tide  is  rising,  and  it  is  indicated  as  a  flood  tide.  South  for 
more  than  three  hours  the  tide  is  falling,  and  it  is  indicated  as  an  ebb  tide. 

On  the  south  and  west  coast  of  Isla  tbe  conftision  is  greater.  In  some 
of  the  charts,  the  incoming  stream  is  marked  as  the  flood,  in  others,  and 
perhaps  with  better  reason*  the  outgoing  tide.  It  is  in  truth  neither  the 
one  nor  the  other. 

The  extreme  complication  which  arises  from  describing  the  time  of  change 
of  the  stream  by  reference  to  the  time  of  high  and  low  water  will  now 
appear;  thus  we  should  bare  to  ^ay  that  io  the  Sound  of  Sanda,  the  ebb 
stream  begins  two  hours  before  high  water ;  at  the  Mull  of  Cantyre,  one 
hour  before  high  water ;  a  little  north  of  this  again  two  hours  before  high 
water.  At  the  south  of  Gigha  we  might  say  indifferently,  that  the  flood 
tide  runs  to  the  south  and  begins  three  hours  before  low  water,  or  that  it 
runs  to  tbe  north  and  begins  three  hours  after  low  water ;  in  the  Sounds 
of  I'lay  and  the  Gnlf  of  Corry  Vreckan  that  it  begins  an  hmir  before  low 
water ;  find  in  de!<cribii>g  the  .streams  aloog  the  north  coast  of  Ireland,  we 
hare  e\  t  II  LTi  eater  complication. 

The  direction  of  the  tidal  streams  on  the  rest  of  the  west  coast  of  Scot- 
land is  easily  described.  The  X.  to  IV.  stream,  tlirouL^ii  the  cuuriie  which 
I  have  described,  becomes  an  XI.  to  V.  stream  nt  the  outside  of  Isla,  and 
througli  tbe  Soin\d  of  lona.  The  stream  \\liirh  sets  to  the  nortli\\ard  up 
the  Sound  of  Jura  fills  the  Linnlie  Locii,  and  causes  high  water  at  tiie  south 
end  of  the  Sound  of  Mull  at  halt-past  V.,  whilst  the  high  water  caused  by 
the  ocean  tide  at  the  north  end  of  the  Sound  of  Mull  is  an  hour  later; 
the  consequence,  as  may  easily  be  seen,  is  that  nearly  the  whole  flood  tide 
through  the  Sound  of  Muil  runs  to  the  northward,  and  liie  nearly  whole 
ebb  tide  runs  to  the  southward. 
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The  tides  round  the  island  of  Skyc  arc  rornparaiively  ^im]>le.  The  V. 
to  XI.  tide  from  the  outside  of  Mull  giiuUially  rctanled  to  a  VI.  to  XII. 
stream  at  the  outside  of  Skvo,  and  tiien  as  it  rountia  the  north  end  of  Skye, 
it  is  met  by  the  tidal  strcun  which  has  ronndedthc  noi  th  cud  of  the  island 
of  Lewis,  and  bends  round  into  the  inner  Sonnd  of  Skyc,  where  it  becomes 
a  VII.  to  I.  tide;  the  course  of  both  streams  beinp:  nearly  the  same  as  if 
there  were  an  embankment  from  Loch  Shell  in  the  island  of  Lewis  to  Ru 
Ilea  on  the  coast  of  Iios<- shire.  At  the  same  time,  another  branch  of  the 
tide  which  has  rounded  the  jioint  of  Ardnaniurchan  flows  throngh  the 
Sound  of  Skye  as  a  XII.  to  \  I.  tide,  and  being  an  hour  earlier  than  the 
tide  which  lias  rounded  the  north  end  of  Skye,  it  pours  with  great  velocity 
through  Kyle  Ilea,  but  only  to  fill  Loch  Alsh  and  Loch  Duich  ;  the  retar- 
dation which  it  meets  with  in  so  doing,  making  the  rise  inside  of  the  nar* 
TOWS  at  Kyle  Akin  so  nearly  contemporaneous  with  the  rise  outside,  that 
there  is  little  stream  through  that  narrow  opening ;  the  flood  stream,  as  I 
am  informed,  sometimes  flowing  in  one  directioa  and  sometimes  in  the 
other,  according  to  the  prevailing  irinds. 

There  are  many  more  minute  details  in  these  streams  which  have  features 
of  great  interest.  I  have  not,  however,  ventured  in  the  present  imperfect 
state  of  the  data  whieh  we  possess  to  enter  upon  these.  I  venture,  how- 
ever, to  express  a  hope  that  before  the  sarvey  is  completed,  the  dats  mwj 
be  obtained  for  showing,  and  that  the  charts  may  show  the  direction  and 
rate  of  the  stream  at  every  place  and  at  any  time. 

Moreh  15,  1866. 

Lieut. -GcDeral  SABlJs'E,  President,  in  the  Chair. 

The  following  communication  was  read : — 

"On  ii  possible  (i('(ilo<;icnl  Cause  of  ChnTiircs  in  the  Position  of 
the  Axis  of  the  Earth's  Crust.*'  By  JoiiN  EvANS^  F.U.iS.,  Sec» 
G.&    Eeccived  February  28,  18G6. 

At  a  time  when  the  causes  which  have  led  to  climatal  changes  in  various 
parts  of  the  globe  are  the  subject  of  so  much  discussion,  but  little  apology 
is  needed  for  calling  the  attention  of  this  Society  to  what  possibly  maj 
have  been  one  of  these  causes^  though  it  has  apparently  hitherto  escaped 
observation. 

That  great  changes  of  climate  have  taken  place,  at  ail  events  in  the 
northern  hemisphere  of  the  globe,  is  one  of  the  best  established  facts  of 
geology,  and  that  corresponding  changes  have  not  been  noticed  to  the 
same  extent  in  the  southern  hemisphere  may  poniblj  be  considered  as 
dne,  rather  to  a  more  limited  amount  of  geologiod  observalion,  than  to  an 
absence  of  the  phenomena  indicative  of  such  alterations  in  climatal  oock 
ditions  having  occurred. 
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The  evidence  of  the  extreme  refrigeration  of  this  portion  of  tlie  earth  at 
the  Glacial  Period  i^i  roii«rRnUy  receiving  fresh  corroboration,  and  various 
theories  have  been  prujioscd  which  a<xxmQt  for  this  accession  of  cold  ia  a 
more  or  less  satisfactory  manner. 

Variatinji^  iu  the  distrii)ntion  of  land  and  water,  clianors  ifi  tiie  direction 
of  tlie  (inlt-stream,  the  greater  or  less  eccentricity  ot  the  earth's  orbit, 
the  j)assageof  the  Solar  System  through  a  cold  region  in  space,  fluctuations 
in  the  amount  of  heat  radiated  by  the  sun,  alternations  of  heat  and  cold 
m  the  northern  uiui  .^ouihern  hemispheres,  asconsecpicnt  upon  the  precession 
of  the  equinoxes,  and  eveu  cuaii^i  s  ni  the  position  of  the  centre  of  i;ra\  itv 
<lf  the  earth  and  consequent  displacements  of  the  polar  axis,  have  all  bc^u 
adduced  as  causes  calculated  to  produce  the  effects  observed;  and  the 
reaaoning  founded  on  each  of  these  data  ia  no  doubt  familiar  to  all. 

The  poanbtfity  of  any  material  change  in  the  axis  of  rotation  of  the 
earth  haa  been  so  distinctly  denied  by  Laphce*  and  all  suceeeding  astro- 
nomera,  that  any  theory  involving  such  a  change,  however  tempting  as 
•fibrding  a  solution  of  certain  difficnltiest  baa  been  rejected  by  nearly  all 
geologists  as  nntenable. 

Sir  Henry  Jamestt  however*  writing  to  the  *  Athenttnm'  newspaper  in 
1860,  stated  that  he  had  loog  since  arrived  at  the  oonclnsion  that  there 
was  no  possible  explanation  of  some  of  the  geological  phenomena  testifying 
to  the  elimale  at  certain  spots  having  greatly  varied  at  different  periods, 
withont  the  supposition  of  oonstant  changes  in  ihe  position  of  the  axis  of 
the  earth's  rotation.  He  then,  assnmiug  as  an  admitted  fact  that  the 
earth  is  at  present  a  fluid  mass  with  a  hard  on  rd  crusty  showed  that  slaty 
olenvnge,  dislocations,  and  undulations  in  the  various  strata  are  results 
which  might  be  expected  from  the  crust  of  the  earth  havin<;  to  assume  a 
Dew  external  form,  if  caused  to  revolve  on  a  new  axis,  and  advanced  the 
tlwory  that  the  elevation  of  mountain -chains  of  larger  extent  than  at 
present  known  produced  these  changes  in  the  position  of  the  poles. 

The  subject  was  discusied  in  further  letters  from  Sir  Henry  James,  the 
Astronomer  Royal,  Professors  Beete  Jukes  and  Ilennessy,  and  others,  but 
throughout  the  discussion  the  principal  question  at  issue  seems  to  have 
been  whether  any  elevation  of  a  mountain-mass  could  sensibly  affect  the 
position  of  the  axi^  of  rotation  of  the  globe  as  a  whole,  and  the  general 
verdict  was  in  the  negative. 

At  an  earlier  ]KTicjd  (IS  18)  tlie  InN  Sir  John  Lubbock,  in  a  siiort  but 
conclusive  j  riper  in  the  '  (^nnrterly  Jonrnnl  of  the  Geological  Society 'i 
pointed  out  what  woidd  have  been  the  ctfect  had  the  axis  ot'rofntion  of  the 
earth  not  oririinally  corresponded  with  the  axis  of  tij^nre,  and  also  mentioned 
some  c<  ii^kderatioDS  which  appear  to  have  been  absent  from  Laplace*s 
calculations. 

•  M6c-  C61.,  vol.  v.  p.  14.  t  Athennjiun,  Aug.  2."»,  1800,  &c 
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Sir  John  Lubboek,  however,  in  common  with  other  astronomers,  appears 
to  have  regarded  the  earth  as  eonsisting  of  a  solid  nucleus  with  a  body  of 
water  distributed  over  a  portidn  of  its  surface ;  and  there  can  be  but  little 
doubt  that,  on  this  assumption  of  the  solidity  of  the  earth,  the  usually 
received  doetrines  as  to  the  general  persistence  of  the  direction  of  the 
poles  are  almost  unassailable. 

Directly,  however,  that  we  argue  from  the  contrary  assumption  that  the 
solid  portion  of  the  globe  consists  of  a  comparatively  thin,  but  to  some 
extent  rigid  crust  with  a  fluid  nucleus  of  incandescent  mineral  matter 
within,  and  that  this  crust,  from  various  causes,  is  liable  to  changes 
disturbing  its  equilibrium,  it  becomes  apparent  that  such  disturbances  may 
lead,  if  not  to  a  change  in  the  position  of  the  general  axis  of  the  globe,  yet 
at  all  events  to  a  change  in  the  relative  positions  of  the  solid  crust  and  the 
fluid  nucleus,  and  in  consequence  to  a  change  in  the  axis  of  rotatbn,  so  far 
as  the  former  is  concerned. 

The  existence  in  the  centre  of  the  globe  of  a  mass  of  matter  fluid  by 
heat,  though  accepted  as  a  fact  by  many,  if  not  most  geologists,  has  no 
doubt  been  called  in  question  by  some,  and  among  them  a  few  of  great 
eminence.  The  gradual  increase  of  temperature,  however,  which  is  found 
to  take  place  as  we  descend  beneath  the  surface  of  (he  earth,  and  which 
has  been  observed  in  mines  and  deep  borings  all  over  the  world,  the 
existence  of  hot  springs,  some  of  the  temperature  of  boiling  water,  and 
the  traces  of  volcanic  action,  either  extmct  or  still  in  operation,  which  occur 
in  all  parte  of  the  globe,  afford  strong  argumente  in  favour  of  the  hypothesis 
of  central  heat. 

And  though  we  are  at  present  unacquainted  with  the  exact  law  of  the 
increment  of  heat  at  different  depths,  and  though,  no  doubt,  under  enormous 
pressure  the  temperature  of  the  fusing-point  of  all  substances  may  be  con- 
siderably raised,  yet  the  fact  of  the  heat  increasing  with  the  deptli  firom 
the  surface  seems  so  well  established  that  it  is  highly  probable  that  at  a 
certain  depth  such  a  degree  of  heat  must  be  attained  as  would  reduce  all 
mineral  matter  with  which  we  are  acquainted  into  a  state  of  fusion.  When 
once  this  point  was  attained,  it  seems  probable  that  there  would  be  no  very 
great  variation  in  the  temperature  of  the  internal  mass  ;  but  whether  the 
whole  is  in  one  uniform  state  of  fluidity,  or  whether  there  is  a  mass  of  solid 
matter  in  the  centre  of  the  fluid  imcleus,  are  questions  which  do  not  aflect 
the  hypothesis  about  to  be  considered. 

Those  who  are  inclined  to  regard  the  earth  as  a  solid  or  nearly  solid 
mass  throughout,  consider  that  many  volcanic  |)lK'nomeDa  may  be  accounted 
for  on  the  chemical  theory,  which  has  received  the  support,  among  others, 
of  Sir  Charles  Lyell.  But  apart  from  the  consideration  that  such  chemical 
action  must  of  necessity  be  limited  in  ita  duration,  the  existence  of  local 
seas  of  fluid  matter,  resulting  from  the  heat  generated  by  intrnse  chemical 
action,  would  hardly  account  for  the  increase  of  heat  at  great  depths  in 
places  remote  from  volcanic  centres  {  and  the  rapid  transmission  of  shocks 
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of  earthquakes  and  the  eiiorrnou.s  atnnunt  of  nplieaval  and  subsidence  iiS 
evidenced  by  tlie  tbirkness  of  the  ^edinientary  strata,  seem  incoii'^istent 
either  %Mtb  the  general  solidity  of  the  giohe  or  any  very  great  thickuebs  of 
its  crust. 

The  supposition  that  the  gradual  oscillations  of  tlie  sui  lace  of  the  earth, 
of  which  we  have  cridence  all  over  the  world  as  bavinji;  taken  place  ever 
since  the  formaliou  ul  tlie  earliest  known  strata  up  tu  the  prescut  iinie,  are 
due  to  the  alternate  inflation  by  gas  and  the  subsequent  depletion  of  certain 
vast  bladdery  cavities  in  the  crust  of  the  earth,  can  hardly  be  generally 
accepted. 

Those  who  frisk  to  ms  tlie  si^mento  for  And  ogainat  the  tbeoiy  of  tKefe 
being  a  fluid  nucleos  within  the  esith's  crnst,  will  flod  them  well  and  fairly 
stated  in  Naumann's  'Lehrbueh  der  Geognosie**.  My  object  is,  not  to 
diflcoss  that  question,  but  to  point  out  what,  assuming  the  theory  to  be 
true,  would  be  some  of  the  eflects  resulting  from  such  a  condition  of  things^ 
more  especially  as  affecting  climatal  changes.  The  agreement  or  dissgree- 
ment  between  these  hypothetical  results  and  observed  facts  may  ultimately 
assist  in  testing  the  truth  of  the  assumption. 

The  simplest  form  in  which  we  can  conceive  of  the  relations  to  each 
other  of  a  solid  crust  and  a  fluid  nucleus  in  rotation  together  is  that  of  a 
sphere. 

Let  A  C  B  D  be  a  hollow  sphere  composed  of  solid  materials  and  of 
perfectly  uuiform  thickness  and  density,  and  let  it  be  filled  with  the  fluid 
matter  £,  over  which  the  solid  shell  can  freely  move,  and  let  the  whole  be 
in  uniform  rotation  about  an  axis  F  6,  the  line  C  D  representing  the  equator. 


It  is  evident  that  in  such  a  case,  the  hollow  sphere  being  in  perfect  equi- 
librium, its  axis  and  that  of  its  fluid  contents  would  perpetually  coincide. 

•  iJnd  «iit.,  IH'tS,  vol.  i.  p.  oO. 
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If,  hawew»  tbe  eqnUibriiiiii  af  the  ihcU  or  crust  be  destrojed,  »^  for 
iDitance,  hy  tbe  additton  of  a  man  of  extraneooi  matter  at  H«  midway 
betfpeen  the  pole  and  tbe  e((iiator»  not  only  would  tbe  pontkm  of  tbe  axia 
of  rotatioii  be  aligbtly  affected  by  tbe  iteration  in  tbe  poeition  of  tbe 
centre  of  graTity  of  tbe  now  irr^kr  spbere,  but  tbe  centrifugel  force  of 
the  excese  of  matter  at  H  would  gradually  draw  over  the  shell  towards  D 
nntO,  by  sliding  over  tbe  nudeos,  it  attained  its  greatert  possible  distance 
from  the  centre  of  rcrolution  by  arriTing  at  the  equator.  The  resultant 
effect  would  be  that  though  the  whole  sphere  continued  to  rerolve  around 
an  axis  as  nearly  as  possible  in  the  line  F  G,  yet  the  position  of  the  pole 
of  the  hollow  shell  would  have  been  changed  by  45°,  as  by  the  passage 
of  H  to  the  equator  the  points  I  mul  K  would  have  been  brought  to  the 
poles  by  spirals  constantly  decreasing  in  diameter,  while  A  and  B,  by  spirals 
constantly  increasing,  would  have  at  last  come  to  deacribe  circles  midway 
between  the  poles  and  the  equator. 

The  axis  oif  rotation  of  the  hollow  sphere  and  that  of  its  fluid  contents 
wonld  now  ngnin  coincide,  and  would  continue  to  do  so  perpctoalfy  unless 
some  fresh  dist  urhance  in  the  equilibrium  of  the  shell  took  place. 

If  instead  of  the  addition  of  fresh  matter  at  II  we  had  supposed  an 
«Kcavation  or  removal  of  some  portion  of  the  shell,  a  movement  in  the  axis 
of  rotation  of  the  shell  would  also  have  ensued,  since  from  the  diminished 
centrifugal  force  of  that  portion  of  the  hollow  sphere  where  the  excavation 
bad  taken  place,  it  would  no  longer  equipoise  the  oorrespoudin!:  portion  on 
the  opposite  side  at  I,  and  the  excavated  spot  would  eventualljp  find  its 
way  to  the  pole. 

In  order  more  clearly  to  exhibit  these  effects,  I  have  prepared  a  model 
in  accordance  with  a  suggestion  of  Mr.  Francis  Gallon,  F.R.S.,  in  which 
a  wheel  representing  a  section  of  a  hollow  sphere  has  its  axis,  upon  which 
it  csn  freely  turn,  fixed  in  a  frame,  which  is  itself  made  to  revolve  in  such 
a  manner  that  the  axis  of  its  rotation  passes  through  one  of  the  diameters 
of  the  wheel,  and  coincides  with  what  would  be  the  axis  of  the  sphere  of 
which  the  wheel  is  a  section. 

In  the  periphery  of  the  wheel  are  a  number  of  adjustable  screws  witH 
heavy  heads,  so  that,  by  screwing  any  of  them  in  or  out,  the  addition  of 
matter  or  its  abstraction  at  any  part  of  the  sphere  may  be  represented. 

If  by  adjusting  these  screws  the  wheel  could  be  brought  into  perfect  equi- 
librium,  its  position  upon  its  own  axis  would  remain  unchanged  in  whatever 
position  it  was  originally  placed,  notwithstanding  any  amount  of  rotation 
being  given  to  the  frame  in  which  it  is  bung}  but  practically  it  is  foniul 
that  with  a  certain  given  position  of  the  screws  a  certain  part  of  the  whed 
coincides  with  the  axis  of  the  frame,  or  becomes  the  pole  around  which  the 
sphere  revolves.  The  rim  of  the  wheel  is  graduated  so  as  to  show  the 
position  of  the  poles  in  all  cases,  and  generally  speaking  the  wheel  always 
settles  down  after  rotation  with  the  pole  withiu  three  or  four  degrees  of 
the  same  spot,  if  no  alteration  has  been  made  in  the  adjustment  of  the 
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screws,  thou^'li  of  conr>e  what  was  the  iipixTinoj-t  pole  may  bea)me  the 
lower  one;  and  in  .^onie  eriTs  the  wheel  niav  lie  in  equilibrio  with  a 
projecting  screw  either  ai»ovc  or  below  the  pquator,  in  which  case  there 
may  be  four  readings  on  tlie  circle  at  the  index-i>o!nt,  arrordinp;  a,«  tlie  one 
pole  or  thi  other  is  appermost,  aad  the  projectiug  acrew  is  above  or  below 
the  equator. 

With  the  screws  on  the  wheel  evenly  balanced,  a  slifrht  alteration  in  the 
adjustment  of  any  of  them  immediately  tells  upon  the  position  of  what, 
for  convenience  sake,  may  be  called  the  poles,  except,  indeed,  in  Rnch 
cases  as  screwing  outwards  those  already  at  tlie  equator,  or  making  siniiiar 
aiteiJitions  in  the  adjustiuent  of  two  screws  at  equal  distances  on  either  side 
of  one  of  the  poles.  If  a  screw  be  turned  outwards  so  as  notablv  to 
project  at  any  spot,  no  matter  how  near  to  the  pole,  it  will  be  found,  after 
the  machine  has  been  a  short  time  in  revolution,  in  the  region  of  the 
equator.  Or  again,  if  one  or,  better  still,  two  opposite  screws  at  the 
equator  be  turned  mwards,  they  will  be  found  after  a  short  period  of 
rerolntioii  at  the  poles. 

Now  let  us  assume  for  a  moment  that*  though  the  erust  was  partiaUr 
covered  by  water,  the  earth,  instead  of  being  a  spheroid,  was  a  perfect 
sphere,  consisting  of  a  hardened  crust  of  moderate  thickness  supported  on 
a  fluid  nucleus  over  which  the  crust  could  travel  freely  in  any  direction, 
but  both  impressed  with  the  same  original  rotatory  motion,  so  that  without 
some  disturbing  cause  they  would  continue  to  revolve  for  ever  upon  the 
same  aiis,  and  ss  if  they  were  one  homogeneous  body.  Let  us  assume, 
moreover,  that  this  crust,  though  in  perfect  equilibrium  on  its  centre  of 
rotation,  was  not  evenly  spherical  externally,  but  had  certain  projecting 
portions,  such  as  would  be  represented  in  Nature  by  continents  and  islands 
rising  above  the  level  of  the  sea. 

It  is  evident  that  so  long  as  those  continents  and  islands  remained 
unaltered  in  their  condition  and  extent,  the  relative  position  of  the  cnist  to 
tlie  enclosed  fluid  nucleus  would  remain  unaltered  also.  But  supposing 
those  projecting  masses  were  either  further  upheaved  from  some  internal 
cante,  or  worn  down  and  ground  away  by  the  spa  or  by  subaerisl  agency 
and  deposited  elsewhere,  it  seems  impossible  but  that  the  same  effects 
must  ensue  as  we  see  resulting  upon  the  model  from  the  elevation  and 
depression  of  certain  screws,  and  that  the  axis  of  rotation  of  the  crust  of 
the  sphere  would  be  changed  in  consequence  of  its  baring  assumed  a  fresh 
position  upon  its  fluid  nucleus,  though  the  axis  of  the  whole  sphere  might 
have  retained  its  original  direction,  or  have  altered  from  it  only  in  the 
slightest  decree. 

An  irrcfrular  accumulntiou  of  ice  at  one  or  both  of  the  poles,  sueh  as 
supposed  by  TVI.  Adhomar,  wonhl  act  in  the  same  manner  as  an  elevation 
of  the  land  ;  aiul  oven  a-.mmiing  that  the  wlmli-  land  had  disapju'ared  from 
above  the  surface  of  the  sea,  yet  if  by  marine  currents  the  shallower 
parts  of  the  universal  ocean  were  deepened  and  the  deeper  parts  hUed  up. 
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tbere  would,  owing  to  the  different  specific  grevity  of  the  trensported  soil 
and  the  displaced  water,  be  a  distarbance  in  the  equilibrium  of  the  crust, 
and  a  consequent  change  in  the  position  of  its  axis  of  rotation. 

Now  if  all  thu  be  true  of  a  spliere,  it  will  also,  subject  to  certain 
modifications,  be  true  of  a  spheroid  so  bligluly  oblate  as  our  globe. 

The  main  difference  in  the  two  cases  is,  that  in  a  sphere  the  crust  may 
assume  any  position  upon  the  nucleus  without  any  alteration  in  its  struc* 
ture,  whUe  in  the  case  of  the  movement  of  a  spheroidal  crust  over  a 
mmtlar  spheroidal  nucleus,  e?ery  portion  of  its  internal  structure  must 
be  more  or  less  disturbed  as  the  curvature  at  each  point  will  be  slightly 
altered. 

The  extent  of  the  resistance  to  an  alteration  of  position  arising  from  this 
cause  will  depend  upon  the  oblateness  of  the  spheroid  and  the  thickness 
and  rigidity  of  the  crust ;  while  the  thicker  the  latter  is,  the  less  also  will 
be  the  proportionate  effect  of  such  elevations,  subsidences,  and  denudations 
as  those  with  which  we  are  acquainted.  The  question  of  friction  upon  the 
nucleus  is  also  one  that  would  have  to  be  considered,  as  the  internal  matter 
though  fluid  might  be  viscous. 

It  will  of  course  be  home  in  mind  that  the  elevations  and  depressions  of 
the  surface  of  the  globe  are  not,  on  the  theory  now  under  consideration, 
regarded  according  to  the  proportion  they  bear  to  the  earth's  radius*  but 
according  to  their  relation  to  the  thickness  of  the  earth's  crust ;  and  that, 
even  assuming  Mr.  Uopkins's  extreme  estimate  to  be  true^  yet  elevations 
or  depressions,  such  as  we  know  to  have,  taken  place,  of  8000  or  10,000 
feet,  bear  an  appreciable  ratio  to  the  800  or  1000  miles  which  he  assigna 
as  the  thickness  of  the  earth's  crust. 

It  is,  however,  to  be  remarked  that  the  extremely  ingenious  speculations 
of  Mr.  Hopkins  are  based  on  the  phenomena  of  precession  and  nutation, 
and  that  if  once  the  possibility  of  a  change  in  the  position  of  the  axia  of 
rotation  of  the  earth's  crust  be  admitted,  it  is  not  improbable  that  the 
value  of  some  of  the  data  upon  which  the  calculations  of  these  movements 
are  founded  mav  be  afTected. 

The  supposition  of  the  thickness  of  the  crust  being  so  great  seems  a1^ 
not  only  entirely  at  variance  with  observed  facts  as  to  the  increase  of  heat 
on  descending  beneath  the  surface  of  the  earth,  but  to  have  been  felt  by 
Mr.  Hopkins  himself  to  offer  such  obstacles  to  any  communication  between 
the  surfncc  uf  the  globe  and  its  interior,  that  he  has  had  recourse  to  an 
hypotlusis  of  large  spaces  in  the  crust  at  no  great  depth  from  the  surface, 
and  lilled  with  easily-fusible  materials,  in  order  to  account  for  volcanic  and 
other  phenomena. 

But  though  it  may  be  possible  to  account  for  volcanoes  upon  such  an 
assumption,  yet,  as  already  oliserved,  the  phenomena  of  elevation  and' 
depression,  such  as  we  find  to  have  taken  place,  and  more  especially  the 
existence  of  vast  geological  faults,  cannot  without  enormous  difiiculty  be 
recondied  with  such  a  theoiy. 
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Taking  the  increment  of  heat  as  I**  Fahreulicit  for  every  55  or  60  feel* 
in  descent,  a  temperature  of  2  100'^  Fahr.  would  be  reachetl  at  about  2ij  mlle.H, 
sufficient  to  keep  in  tus-ion  sueh  rorks  ns  basalt,  greenstone,  and  porjdiyry  ; 
and  such  a  thickneiis  appears  much  more  con3i>tent  with  the  tluctuations  in 
level,  anfl  the  iTiternai  contortions  and  fractures  of  the  crust  which  aro 
everywhere  to  ht-  observed.  Sir  William  Armstrong,  on  the  assumjjtiou  of 
the  temperature  of  sul)terraneaii  tii:-iou  beinj:  3000^  Fahr.,  considers  that 
the  thirkness  of  tbe  film  which  separates  us  Irom  the  fierj  ocean  Ueneatli 
would  be  about  34  nults. 

Even  assuming  a  thick m  ss  of  50  miles,  so  as  to  make  still  greater 
allowauce  for  the  increa>ed  diiTicnUy  of  fusion  under  Irhvv  pressure,  the 
thickness  of  the  crust  would  only  form  one-eightieth  part  of  the  radius  of 
the  earth;  or  if  we  represent  the  earth  by  a  globe  13  feet  in  duuncter, 
the  crust  would  be  one  inch  in  thickness,  while  the  ditference  between  the 
polar  and  equatorial  diameters  would  be  half  an  inch. 

Ill  »uch  a  case,  the  elevation  or  wearing  away  of  continents  such  as  are 
at  present  in  existence,  rising  as  some  of  them  do,  neaiiy  a  quarter  of  a 
mile  on  an  average  above  the  mean  sea-level,  would  cause  a  great  dis- 
turbance in  the  equilibrium  of  the  cmst,  sufficient  to  overcome  oonsidenblA 
resistance  in  its  attempts  to  regain  a  state  of  equilibrium  by  a  movement 
over  ita  fluid  nucleus. 

Whether  the  thickness  of  the  earth's  crust  was  not  in  early  geological 
times  less  than  at  present,  so  as  to  render  it  more  susceptible  of  alterations 
in  position<— whether  tiie  spheroid  of  the  fluid  mineral  nucleus  corresponds 
in  form  with  the  spheroid  of  water  which  gives  the  general  contour  of 
tbe  globe — ^whether  or  no  there  are  elevations  and  depressions  upon  the 
uucleus  corresponding  to  some  extent  with  the  configuration  of  the  outer 
crust,  and  whether  the  motion  of  the  crust  upon  it,  bendes  effecting 
climatal  changes,  might  not  also  lead  to  some  elevations  and  depressions  of 
the  land,  and  produce  some  of  the  other  phenomena  mentioned  by  Sir 
Tlenry  James,  arc  questions  which  I  will  leave  for  others  to  discuss. 

My  object  is  simply  to  cell  attention  to  what  appears  to  me  the  fact* 
that  iJ^  as  there  seems  reason  to  suppose,  our  globe  consists  of  a  solid  cnist 
of  no  great  thickness  resting  on  a  tin;  I  nucleus,  either  with  or  without  a 
solid  central  core,  and  if  this  crust,  as  there  is  abundant  evidence  to  prove, 
is  liable  to  great  disturbances  in  its  equilibrium,  then  it  of  necessity  follows 
that  chnnges  take  place  in  the  position  of  the  crust  witli  regnrd  to  the 
nucleus,  and  an  alteration  in  the  position  of  the  axis  of  rotation,  80  far  as 
the  '^nrfrice  of  th'"  cnrtli     concerneil,  riisn(  «. 

Wuhout  in  tiie  ^iniliti-^i  Icgree  undervaimng  other  causes  which  may 
leatl  to  climaUd  changes,  1  think  t!ir\t  possibly  we  may  have  here  a  rera 
caii<<n  such  as  would  account  for  extreme  variatif)ii,s  from  a  Tropical  to  nn 
Arctic  temperature  at  the  same  spot,  iu  a  simpler  and  more  satisfactory 
manner  than  any  other  hypothesis. 

•  Page,  *  Advanced  Text-bfjok  of  Oculogy,'  p.  30. 
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The  fonner  existenoe  of  cold  in  what  ire  now  fraim  latitodes  night,  and 
probably  did  in  pert,  uriae  from  other  eanses  than  a  change  in  the  axia  of 
rotation,  but  no  other  hypothesb  can  well  account  for  the  eziatenoe  of 
traces  of  an  almoat  tropical  f  egetation  within  the  Arctic  circle. 

Of  the  former  exiatence  of  such  a  T^getation,  the  evidence,  though 
atfong^  is  not  coudnaive.  But  if  the  foMil  planta  of  Mctville  hdand,  in 
lat.  75^  N.*,  which  appear  to  agree  generically  with  those  Irom  the 
English  coal-measures,  really  grew  upon  the  spot  where  they  were  now 
discovered,  they  seem  to  afford  condusire  evidence  of  a  change  in  the 
position  of  the  pole  since  the  period  at  which  they  grew,  as  such  vegetation 
mnst  he  consideied  impossible  in  so  high  a  latitude. 

The  corals  and  Orthoceratites  from  Griffiths  Island  and  Cornwallis 
Island,  and  the  Usssie  Ammonites  from  Point  Wtlkie,  Prince  Patrick's 
Island,  tell  the  same  story  of  the  former  existence  of  something  like  a  sub- 
tropical dimate  at  places  at  present  well  within  the  Arctic  cirde. 

To  use  die  words  of  the  Rev.  Samuel  Haughtonf,  in  describing  the  fossils 
collected  by  Sir  F.  L.  M<'CUntock,  «'Tbe  disooTery  of  such  fossils  m  niu, 
in  7^  N.  latitude,  is  calculated  to  throw  considerable  doubt  upon  the 
theories  of  clinute,  which  would  account  for  all  past  changes  of  temperature 
by  changes  in  the  rdative  position  of  land  and  water  on  the  earth'a 
surface and  I  think  that  all  geobgists  will  agree  with  this  remark,  and 
led  that  if  the  possibility  of  a  diange  in  the  position  of  the  axis  of  rotation 
4>f  the  crust  of  the  earth  were  once  admitted,  it  would  smooth  over  many 
difficulties  tfai^  now  encounter. 

That  some  snch  change  is  indeed  taking  place  at  the  present  moment 
may  no(  unreasonably  be  inferred  from  the  observations  of  the  Astronomer 
Royal,  who,  in  his  Report  to  tlie  Board  of  Visitors  for  1861,  makes  use  of 
the  following  language,  though  "only  for  the  sake  of  embodying  hia 
description  of  the  obsexTed  facts,'*  as  he  refers  the  discrepandes  noticed 
to  *'some  peculiarity  of  the  instrument* ....  The  Transit  Circle  and  Colli- 
mators Btili  present  those  appearances  of  agreement  between  themselves 
and  of  change  with  respect  to  the  stars  wliich  seem  explicable  only  on  one 
of  two  suppositions — that  the  crruund  itself  shifts  with  respect  to  the 
^eral  Ifiarth,  or  that  the  Axis  of  Rotation  ehangea  ita  position." 


March  22, 1866. 
Lieat.-Qenflfal  SABINE,  President,  in  the  Chair. 
The  following  communications  were  read: — 

t  Journnl  ol  Uio  Koyai  Dublin  siocictj,  vol.  i.  p.  244. 
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1.  '  Oil  the  Action  of  Trichloride  of  Phosphorus  ou  the  Salts  of 
tlio  Aromatic  Monamnics."  By  A.  W.  Hofmann,  LL.D.^  F.E.S.^ 
&c.    Received  March  3,  18G6. 

The  starting-point  of  the  following  expeiiments  was  an  accidental  obaer- 
Talion.    Whilst  in?e8tigating  the  chlorine-j  bromine-,  and  nitro-derivativea 

of  aniline,  I  had  prepared  a  large  quantity  of  phenyhicetamide  by  theactkm 
of  chloride  of  acetyl  ou  aniline.  From  the  bydrochlorate  of  anUin^  abiu> 
dantly  produced  as  A  bj-product  in  this  reaction,  the  aniline  was  recovered 
by  treating  the  mother-licpiors  with  hydrate  of  sodium.  During  the  distil- 
lation, after  the  greater  part  of  the  aniline  had  passed  over  and  collected  in 
the  receiver,  a  tenacious  oily  fluid  began  to  come  over,  adhering  to  the  tube 
of  the  condenser  an<l  gradually  becoming  n  cryf^tnlline  mass.  It  was  easily 
purifipf]  by  woi^liinL;  with  cold,  and  crystallization  from  hot  Jilrobol. 

Beautiful  white  leafy  crystals  were  tlms  obtnuied,  fusible  at  137°,  and 
volatile  without  clecompositiou  at  a  r  iturc  ht  noikI  the  range  of  the 

mercury-thennuiut  t(  r.  These  crystals  are  almost  msoiubie  in  water,  dtflS- 
cnltly  soluble  in  cold,  but  soluble  in  hot  alcohol,  and  also  soluble  in  ether. 
The  solutions  are  neutral. 

In  acids  the  crystals  are  also  easily  soluble;  an  alliali  precipitates  the 
original  substance  unaltered  froui  the  solutions.  The  hydrochloric-acid 
sidntion  yields,  with  tetrachloride  of  platmuin,  ;i  (Uliicultly  soluble  crystal- 
line j)ri'cipi(atc.  The  uvw  substance  thus  txliibits  tbe  dej)ortmei»t  of  a 
wtll-cbaracterized  base.  Its  composition  was  readily  determined  by  com- 
bustion with  oxide  of  copper,  the  aiudytical  results  pointing  unequivocally 
to  the  formula 

C,  II,  N 

as  the  simplest  atomic  expression  iui  lie  new  body.  But  the  whole  beha- 
▼ionr  of  the  substance,  and  more  esj»ecially  its  transformation,  by  means 
of  concent  I  ati'd  sulphuric  acid,  into  aniline  and  acetic  acid,  l*.'a;e  uo  duubt 
that  the  above  ex])ressiun  muat  be  doubled,  and  that  the  new  hsLne  is  reprc* 
sented  by  the  foraivila 

This  formtda  was  confirmed  by  the  analysis  of  the  ])latmuni-salt  already 
mention il,  and  that  of  the  nitrate  which  separates  I'rora  the  solution  as 
aa  oily  tluid,  gradiuxUy  changing  to  a  beautiful  crystalline  compound ;  the 
former  contains 

2(C,,IT.,N,nCl).Pt*Cl^ 

tbe  latter 

Whenoe  ts  this  body  deriTed  ?  and  bow  is  its  fonuala  to  be  interpreted  f 
An  answer  to  these  questions  was  furnished  by  examining  tbe  ebloride  of 
Acetyl  employed  in  preparing  the  phenylacetamide*  When  on  distilling 
the  chloride  the  principal  product  bad  passed  over,  tbe  thermometer  gra- 

•  Pt«198. 
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dually  rose  from  55^  to  78°.  The  last  portion  which  came  over  was  pure 
trichloride  of  phospliorus.  It  was  obvious  that  this  substance  must  have 
played  a  part  in  the  formation  of  the  new  compound. 

I  therefore  submitted  phenylacctamide  to  the  action  of  trichloride  of 
phosphorus.  The  new  body  was  formed,  but  in  very  unsatisfactory  quao* 
tity.  The  result  of  the  experiment  was  essentially  different  when  phenyl- 
acetamide  and  aniliite  in  varying  proportions  were  jointly  submitted  to  the 
action  of  trichloride  of  phosphorus.  The  amount  of  substance  obtained 
varied  with  the  composition  of  the  uiizturCi  and  appeared  greatest  when 
the  mixture  was  made  in  the  proportion  of  one  part  of  trichloride  uf  phos- 
phorus, two  parts  of  aniline,  and  three  parts  of  phenylacctamide*  Hence 
the  reaction  had  taken  place  according  to  the  foliowing  equation : 

3  C„  II,  N  4-  3  C,  H„  NO  -f  PCI ,  =  3  C, ,  H , ,  N, + PO, + 3  HCl. 

Perfectly  siiuilar  results  were  oUtaiUfil  wlien  a  j)roportionate  quantity  of 
hydrochlurate  of  aniline  was  employed  instead  of  aniline  iu  this  expe- 
riment. 

The  idea  naturally  preaculed  itsell  to  produce  the  same  result  without 
taking  the  trouble  of  preparing  and  purifying  the  ])henylacetauude  by  in- 
cluding its  preparation  in  the  very  process  of  forniiug  the  new  compound. 
For  this  purpose  6  molecules  of  aniline  were  added  to  3  molecules  of  chlo- 
ride (  I  aceiNl,  and  the  dense  liquid  thus  ^obtained  mixed  with  1  molecule 
of  tncldoride  of  phosphorus.    The  result  tould  not  have  been  better: 

6C.     N         H,  OCI+ PC1,=3C„  H„       H,  PO,  -I-  CUCl. 

A  rimple  additional  'step  and  the  trne  mode  of  preparing  the  substance, 
and  with  it  the  general  method  for  the  production  of  an  endless  variety  of 
analogous  bodies,  was  found.  Eridently  it  was  not  even  necessary  to  pre- 
pare the  chloride  of  acetyl  separately.  The  new  body  must  be  as  easily 
obtained  by  the  direct  action  of  trichloride  of  phosphorus  on  aniline  and 
acet^  acid.  The  mixture  had  only  to  be  made  in  such  a  manner  that,  after 
transforming  the  acetic  acid  into  chloride  of  acetyl,  there  was  a  sufficient 
amount  of  trichloride  of  phosphorus  left  to  perform  the  rest  of  the  work* 
In  this  case,  therefore,  6  molecules  of  aniline  and  3  molecules  of  acetic  acid 
bad  to  be  added  to  2  molecules  of  trichloride  of  phosphorus^ 

6C,  II,  N  +  3 C,  II,  0,+2PCl3=3C,^  H,,  N,  f  2 11 ,  PO,  +  GHCl. 

The  reaction  is  violent,  and  the  operation  must  he  jjoi  tbrmed  with  care. 
The  substances  are  mixed  uceordin^  to  the  above  e<|nation.  For  tliis 
purpose  three  j)artti  by  weight  of  aniline  arc  added  to  one  part  of  aei  tic 
aeid  and  into  tfie  mixture  surrounded  by  cold  water  two  parts  of  trichloride 
of  phosj)liorus  are  slowly  ])ouied  ;  in  which  proportion  the  latter  compound 
is  in  -sliirht  exces*!.  The  tenacious  fluid  thus  ol>tained  is  then  heated  tVir  a 
couple  of  liours  to  !<>()'.  On  cooling,  it  solid i in  to  a  hard,  fria)«le,  trans- 
lucent, rrsinous  mass  of  a  light-brown  colour,  wiiich  di>>olM-s  ni  hollii;!^ 
water  almost  without  resiilue,  leaving  only  traces  of  an  amorplious  yellow 
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subsUnoe  containing  phosphorus  behind.  The  clear  filtered  solution, 
after  cooling,  yields,  on  the  addition  of  soda,  a  white  crystalline  prectpilatc^ 
which  requires  only  to  be  waahed  and  recrystallized  from  alcohol. 

The  foreg:oing  equations  give  a  pretty  clear  idea  of  the  qualitative  and 
quantitative  nature  of  the  experiment,  but  they  do  not  afford  us  an  inaigbt 
into  tbe  true  mechanism  of  the  reaction.  This,  nevertheless,  is  a  vety 
afanple  one.  Trichloride  of  phosphorus  acts  water-generating  and  water- 
withdrawing.  The  oxygen  fe«|oired  for  this  purpose  is  supplied  by  the 
phenylacetamide ;  as,  however,  the  molecule  of  this  compound  contmns 
but  one  atom  of  hydrogen  belonging  to  the  original  ammonia  skeleton,  a 
molecule  of  anilitic  is  required  in  addition  to  supply  the  second  atom  of 
hydrogen.  In  this  manner  n  diamine  is  formed,  in  which  two  atoms  of  the 
hydrojien  of  the  double  anitnouia  tvj»e  are  replaced  hy  two  univalent  phc- 
nyl-residues,  and  three  of  the  remainiiif;;  hvdrocjen  ntoms  \yy  the  trivalent 
group      H  ,  to  wliii  h       term  elfienyl  *  may  tor  the  present  be  applied. 

The  iKw  111  If!  V  would  tlius  become  el  kenyldiphei^yf  diamine ,  the  forma- 
tion ot  which  lu  tlu  iiio-t  simple  tonn  would  depend  upon  the  removal  id. 
I  mol.  of  water  from  i  moi.  of  phenylacetamide  and  1  moK  of  auihne. 


*  The  term  eihmifl  pro|>o6€il  fur  ihc  group  H,,  which  in  the  new  compound  functions 
with  the  Tslae  of  3  atous  of  hydrogen,  ia  fiamed  aeeerding  to  a  syueia  of  nonenclatne 
to  which  I  have  oecaiiotially  retorted,  in  the  booadlcM  oonfoMoa  of  naaiet  now  ptevail- 
ittg  in  oi^anic  chptni^iry,  as  a  means  of  comnnnication  wi A  aypupila.  Peifaapatbb 

•yst<*Tn  is  capable  of  furtlifr  (l<  v<>1n»itiirnt, 

It  is  a  peculiar  feature  of  the  (icvflopincnt  ot  nuKlcrn  cheml&try  that  more  than  ever 
before  is  felt  the  necessity  of  grouping  the  organic  compounds  round  the  hydrocar* 
boat.  The  qoceliott  therefore  may  be  nid  to  reduce  itielf  to  the  diacoveiy  of  a  good 
prioeipltt  ol  aomencUture  for  the  ood|nhim1b  of  hTdrogen  and  caiboa.  Many  attempts 
have  been  made  in  this  dtrecrion,  as  yet  without  any  acceptable  results. 

For  the  purpose  of  framing  my  namrs  I  fu5;c  the  method  ojiginally  employpd  by 
Laurent  with  the  principle  proposed  by  Gerhardt,  and  more  or  less  adopted  by  his 
■neeeseori. 

An  eiample  will  aioarate  my  mode  of  pvoeeedinf.  Let  m  eoniider  the  moat  import- 
ant  of  all  the  series  of  hydrocarbons,  the  homnlogues  of  marsh-gas*  All  the  memben  of 
this  series  I  make  tcrminatf  in  ane,  distingiiisliini^  the  order  of  succession  Itv  |>r«>fixtng  the 
first  syllable  of  llie  I.atin  iMiMicrnl  eorrespotiduig  to  the  nnmlRT  of  cari»on  aionis  in 
the  uK>lecule.  From  this  rule  the  first  three  members  of  the  series  are  conveniently 
excepted,  their  namea  Iravin^  been  to  long  in  me  aa  to  render  it  desirable  to  embody 
them  in  tlie  system. 

'  By  the  removal  of  1  atom  of  hydrogen  from  the  hydfoearbont  the  latter  c«ase«  to 

be  a  $aiura/ed  r-nnpoiind,  and  the  n'miiiiiing  group  of  atoms  hfcnmn  unh  ft  ten  f.  The 
t<^minatioti  i/l  now  takes  (lie  place  of  aiK*.  A  second  atonv  of  hydrogen  is  removedf 
the  group  becomes  bivalent  and  now  teiminates  in  ene]  a  third  hydrogen  atom  it  sepa- 


rated, the  group  is  again  raised  in  vatneby  one  becoming  ia  fact  trMmt^  and  acqniiet 
the  termination  enyt    By  the  removal  of  the  fonrth  and  flfth  atom  off  bydroien  the 


I  waa  anxious  to  teat  thia  assumption  bj  expehmeat. 


▼ot..  XT. 
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At  100°  iodide  of  ethyl  has  no  action  on  ethenyldiphcnyldinniine,  hut 
at  about  150°  the  two  bodies  react  on  one  another.  The  mixture,  aftt  r 
being  heated  for  five  or  six  hours,  yielded,  upon  c  m  In-,  l  i  aistitnl  crystals 
of  an  iodide.  By  treatment  with  chloride  of  silver  tins  'vnhdr  ;vas  convc  rted 
into  the  corresponding  chloride,  and  then  nito  ihe  platniuiu-salt.  Analysis 
of  this  salt  showed  that  the  ethyl  group  had  heen  once  taken  up.  On 
the  addition  of  caustic  soda  the  corresjuindin-  ha^e  was  separated.  It 
is  a  thick  oily  fluid,  which,  when  shaken  wiili  water,  does  not  impart  to  it 
the  s!ii/ltt,'s(  (lUcaliue  reaction.  By  renewed  treatment  with  iodide  of  ethyl 
an  iiuiuk',  it  ia  true,  was  8cf)arated,  hut  it  was  proved  on  examination  that 
tiie  etliyl  group  had  not  l)i en  asMmiiated  a  second  time.  In  the  sense  of 
the  ahove  assumption,  this  nevertheless  ought  to  havf  taken  place.  The 
experiment  was  therefore  repeated  with  itidide  of  methyl  which  is  well 
known  to  act  much  more  puwer  tully  than  the  ethyl-compound.  Thisbody 
attacks  the  cthylated  hase  even  at  100°.  The  iodide  thus  obtained,  when 
decomposed  hy  oxide  of  silver,  yielded  a  »trongly  alkoline  UquiJ,  whence 


quantivalencc  of  the  residuary  group  agaio  iiicrc«»ei,  the  groups  becoiniiig 
tfaieni  and  putUhaletUt  and  acquiring  the  tenninations  Iw  and  inyt,  8tc 
Aceordiiii  to  tUs  principle  the  foUowiog  namei  are  fonuedt 

Methane,  (C  H^Y 
Ethane,  (C,H.)^ 
PMpane.  (C,!!,)" 
Quartane,  (CJI,,)° 
Quintane,  (C»Um)° 


Septane,  (C,  H,J* 

Octane,  (C,  H^jo 
Nonane,  (C^ 


And  further  : 

Methane,  (C  H^y 

Mctlnl,  (CH,)' 
Meihene.  (C  H,)" 
MetheDyl,(Cii  )"' 


Ethane, 

Ethyl. 

Ethene, 

Etbenyl, 

Bthine, 

Bthinyl, 


(C,H,)' 

(C.H,)" 

(OA)!* 


Propane, 

Propyl, 

Propene, 

Propenyl, 

Prapine, 

Prnpiny], 

Propone, 

Proponyl, 


(C3 

(C3H,)' 

(0,H.)" 


Quartane, 

Qiiartyl, 

Quartenyl, 
Quartine, 

Quartinyl, 
Quart  one, 
Quartouyl, 
Quartuue, 
QuBiiuayl, 


(C.  H,„)» 


Tbit  is  not  the  place  to  develope  this  subject  furfhpr.  The  short  notice  1  havr  pivpn 
must  suffice.  A  superficial  examination  of  the  system  shows,  liowever,  how  large  a 
number  ot  groups  of  atoms  may  be  clearly  and  succinctly  expressed  in  it. 

It  appeared  convenient  to  enlmiU  the  pkn  to  a  pievUo&al  test  hf  fiamnig  Mne 
ef  the  naniM  leqnired  for  the  ealittaaeet  whieh  were  ftirniibed  hf  the  abeie  espe- 
riments. 

Bodies  containing  oxygen  may  he  a-*  simply  nominat*'  !  acrording  to  this  plan. 

The  acid  derived  from  ethyUc  alcohol  is  ethoxjflic  acid  acetic  acid),  the  first  acid  cor- 
responding to  tiktnie  ^ieoM  would  be  tikoxmie  metd  (glyooUc  acid),  the  eecond  being 
ttkHMeiUe  mgid  (raalie  add).  We  speak  of  tlie  e«y/w,  emrne,  and  diaitmiic  mtidt  ef 
a  aerice,  ef  the  pmrkme  $erie$,  for  instanf  c,  and  any  one  wonld  iittdentaad  that  bj 
tlieaa  eipwaileiia  ere  aiaani  butjrric^  batyhutiic,  and  euoeinie  eddi. 
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it  WM  at  once  inferred  that  the  methyl  group  had  heen  added  to  the  ethyl 
group  already  present  in  the  suhstanoe.  This  conclusion  was  amply  corro- 
borated by  the  Analysis  of  the  platinum-salt  precipitated  from  the  liquid. 

By  this  experiment  the  nature  of  ethenyldiphenyldiamine  is  most  satia- 
torily  elucidated.  The  action  of  iodide  of  ethyl  had  eonTerted  thia  bate 
into  the  tertiary  diamine  Meni/lethyldiphenyldiamme^ 

(C,H,)  In,; 

the  latter,  under  the  influence  of  iodide  of  methyl,  yielding  the  compound 

[(C.H,r(C,H.)(C.  H,XNJ(C  H3)  1  Q 

H  J  * 

which  is  soluble  in  water  with  a  strongly-marked  alkaline  reaction. 

The  atabOity  of  etheDyldiphenyldiamine  is  remarkable.  As  I  have 
already  mentioned,  this  bfiae  diatila  at  a  irery  high  temperature  without 
decomposition.  It  ia  mofeover  scarcely  attacked  by  fusion  with  hy- 
drate of  potassium.  Concentrated  sulphuric  acid,  on  the  other  hand, 
decomposes  it  easily.  When  gently  heated,  the  solution  of  ethenyldiphe- 
nyldiamine in  sulphuric  acid  evolves  acetic  acid,  and,  on  addition  of  water, 
the  slightly-coloured  hquid  solidifies  to  a  white  crystalline  mass  of  tulph- 
amUie  acid. 


H 


rc,.ii, 
II 

H 


It  need  «rnrcply  bn  mcntloiicJ  tlmt,  hy  reactions  similar  to  that  of  tri- 
chloride ol  |)hos|iiiorus  on  acetate  of  aniline,  an  almost  pndlrss  variety  of 
new  compounds  may  be  obtained.  By  changing  tbe  acid,  or  base,  or  both, 
a  scries  of  8nb«)tances  is  formed,  the  conijxisition  of  which  in  each  case 
is  fixed  iu  advance  by  theory.  I  have  worked  only  very  little  in  this 
direction. 

Toluuline  acts  in  a  manner  precisely  similar  to  that  of  aniline.  The 
base  formed  can  scarcely  be  distinguished  from  the  phenyl  base.  Analysis 
of  the  platinum-salt  has  led  to  the  formula 

(C,U3)"] 


With  naphthijlamine  the  reaction  is  less  smooth.  The  product  obtained 
by  acting  with  I  molecule  of  trichloride  of  phosphorus  on  3  molecules  of 
chloride  of  acetyl  and  6  molecules  of  naphthylamine,  was  aa  unenjoyably 
viscous  scarcely  crystalline  mass  which  retained,  after  repeated  solution 
and  precipitation,  its  amorphous  character.  An  analysis  of  the  platinum- 
ffllt  led,  howe? er«  to  the  formula 


C«H, 


(C,  H,)'"  "1 

.N.=(c»oH,).  In.. 


w2 
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Aniline,  toluidiiip,  nnd  iiajflit  li\ luimiio  Ijeing  prtmuri^  nioujisiiiiu's,  it 
seemed  ot  interest  also  to  cxteiid  tin  cxiuuiiiation  to  a  secondary  one.  For 
this  purpose  I  selected  <r^p}ienijlani(ne.  When  a  mixture  or  diphenylainine 
and  phenyiacetamlde,  lu  the  proportion  of  tlicir  molecular  weights,  was 
submitted  to  the  action  of  trichloride  of  ])liospiiorus,  the  reaction  took, 
place  in  the  ordiinu  \  \'>*ay,  but  the  ma^s  ])reripitated  from  the  solution  of 
the  chloride  by  aiauiuuia  could  not  he  crystallized.  It  had  therefore  to  be 
analyzed  as  platiimm-sult.  Dcteruiinaiion  of  the  platinuin  as  well  as  com- 
bustion showed,  however,  that  the- expected  elhenyltriphenyldiamme  liad 
been  formed, 


11 


II 


H  1  "  >)"'  1 


An  entirely  unexpected  result,  ou  the  other  hand,  wn^  obtained  by  the 
action  of  trichloride  of  phosphorus  on  a  mixture  of  acetic  acid  and  methyl^ 
aniline.  Working,  as  1  did,  exclusively  with  a  secondary  monamine,  1  had 
expected  to  see  the  reactioa  take  place  according  to  the  following;  equatioa:" 

c, n!  1 N 1     ^" "l  o=2r "  I o]  +  (c  ai  I 

.    H  J    J       "J         "-HJ    J     (C.H.).  J 

Bnt  this  was  not  the  case ;  the  action  was  foutid  to  hare  been  Terj  irre- 
gular ;  and  amongBt  the  products  a  chloride  was  obserred*  the  base  of 
which,  when  liberated  by  oxide  of  silver,  dissolved  in  water  teith  an  alka" 
line  reaeiion.  When  analyzed  in  the  form  of  a  platinuin-salt»  this  body 
proved  to  be  ethenyldiphenyldiamiue,  which  had  twice  appropriated  the 
methyl-group,  having  the  composition 

In  tiiis  case  evidently  chloride  of  methyl  had  been  elimmated  from  one  of 
the  molecules  of  methylanlline,  which,  acting  ou  the  ethenyldiphenyluie- 
thyldiamine,  had  givrn  i  i>e  to  the  formation  of  the  chloride  correspoudiug 
to  the  above-meationed  oxide, 

2[(C,  H,)  (C  H3)  HN]  4-C,  U,0  C1=H,  O 

+  [(C,  H.)  "  (C.  HJ.  (C  H.)  N J  (C  H J  CI. 

A  few  experiments  made  with  the  derivatives  of  valeric  and  bensoicadds 
are  still  to  be  mentioned. 

Qmintenyldiiih  ui/ldiamne* — For  the  preparation  of  this  substance,  3  mo- 
lecules of  valeric  acid  were  mixed  with  6  molecules  of  aniline,  and  to  the 
l  i(iaid,  after  cooling,  2  molecules  of  trichloride  of  phosphorus  were  added. 
This  mixture,  on  being  submitted  for  a  couple  of  hours  to  a  temperature  of 
150°,  yielded  ^  viscous  mass  soluble  in  water.  From  the  solution  hydrate 
of  sodium  precipitated  a  crystalline  base  almost  insoluble  in  water,  which 
was  recrystallized  from  alcohol.   This  substance  fused  at  1 1 1^   The  corn- 
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buftion  of  the  body  and  the  analysis  of  its  platinum-salt,  which  crystallized 
in  rhombic  plates  diffirultljr  soiuble  in  wftter  aad  alinoat  inaoiuble  in  alco- 
hol, l«d  to  the  foramla 

(C,  H.)  '  ] 

HrnTultlijiftmyldiaminc — By  suhstitutiner  brnsoic  aciil  (oi  \ali  rlc  ai  id  in 
the  rt-acUoii  just  described,  the  cont&poudi!i;:  !i>  nzyl-compouiul  is  obtained. 
I  have  prepared  tbis  substance  by  the  action  ui  i  molecule  of  trichloride  of 
phosphorus  ou  a  mixture  of  3  molecules  ot  plienylbesr/iunidi.  uiul  'A  in olecules 
of  hydrochlorate  ot  aiiiiiue.  The  reaction  takes  place  in  llieordniary  way. 
The  product  is  a  very  vscak  base  crystallizing  in  tine  silky  needles.  The 
hydrochlorate  forms  thin  brilliant  plates  difHcnlllv  soluble  in  water,  which 
upon  rc-cryst&llizatiou  lose  tiuu  acid.    The  auaiybii^  ied  tu  the  formula 


This  compound  has  been  already  observed  by  Gerhardt.  He  obtained  it 
whilst  examining  the  action  of  pentachloride  of  pliosphoni?  on  the  amides, 
the  last  experiments  which  he  performed  before  his  death.  A  sljort  notice 
of  this  inTe«tigatioD,  found  aller  his  death,  has  been  published  bjr  M, 
Call  ours  *. 

The  phenyl-^ompounds  of  the  acetic  and  valeric  groups  above  described 
are  naturally  linked  wiiii  a  compound  which  several  years  ago  I  procured 
by  an  essentially  different  reaction.  Tliis  substance,  which  at  the  time 
I  described  under  the  name  of  formyldiphcnijldi(nniHei\  hut  to  which, 
in  acconlauce  with  my  present  ideas  on  nomenclature,  1  would  give  the 
name  methfnyldiphfnyldiamine,  b  obtained  by  the  action  of  chloroform  on 
aniline ;  its  relati  on  to  the  compounds  before  mentioned  is  seen  by  a  glauce 
at  the  following  form  u lie 

(C.  II  )"'"] 

Ethenyldiphenylduimme,   C„H,^N,=(C,'hJ,  >N,. 

(C,  II,)'"  ] 
H  J 

It  Beemed  worth  while  to  establish  by  a  special  experiment  the  analogy  of 
metheoyldiphenyldiamine,  obtained  in  to  differeot  a  reaction,  with  the 
snbatances  just  described.  For  this  purpose  I  snbmitted  pkenylform' 

*  Ann.  Ch.  Phy*.  [3],  vol.  liii.  p.  302. 

t  Proceeding!  of  tbe  Hoyal  Society,  vol.  ix.  p.  229. 
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amide*  to  the  action  of  a  mixture  of  aniline  and  trichloride  of  phosphorus. 
The  result  proved  that  the  methenyl-compound  can  be  thus  prepared  even 
mofe  easily  than  by  meant  of  chlorofoim. 

In  eondusioii,  tbe  relation  must  be  mentioned  whieh  thecompoonds  just 
described  bear  to  the  baie  obtained  bj  Ptofeeaor  Streekerft  when  aeting 
with  gaseous  hydrochloric  acid  on  acettmide.   The  body  thni  formed  it 

and  has  been  called  acediaminc^  for  which  name,  in  accordance  with  (lie 
profiosed  nomenclature,  I  would  now  substitute  the  term  ethenyldiatmne. 
AVhen  compared  with  the  analogous  aniline-compound,  the  very  slight 
stability  of  acediftmine,  which  splits  up  with  the  greatest  faciUty  into  acetic 
acitl  and  ammonia,  deserves  to  be  noticed. 

A  quintenyldiaiinue,  correspondiuo'  to  the  quintenyldiphenvldian  inp,  has 
not  as  yet  been  prepared.  Methenyldiamine,  on  the  other  hand,  is  known, 
altliough  the  compound  wliich  I  have  in  view  has  scarcely  been  lookid 
uj)un  as  such.  The  body  in  question  is  no  other  than  cyanide  of  ammo- 
nium. 

Methenvldtamine  (CU)'""!      Mcthenjl-  (C  H)"'1 

The  facility  with  which  thi«!  sub'tancp  d(  con) poses  is  well  known; 
amongst  the  products/J'/v/^/c  (tr  'td  and  (lunnonia  are  invariably  found. 

It  is  further  known  tliai  })y  heating  ammoiua  with  rblnrororm  (  trichlo- 
ride of  niethenyl),  cyan nie  of  ammonium  is  formed,  a  reaction  which  is 
perfectly  sitnilar  to  tliat  by  which  the  aiuilogous  phenyl-base  was  origi- 
nally obtained  in  the  corresponding  experiment  with  aruline. 

In  conclusion,  I  beg  to  thank  Messrs.  Tingle  and  Fisrher  for  their  valu- 
able assistance  during  the  performance  of  the  experiuieuUi  described. 

•  On  tMi  eeeisioB  I  prapared  larger  quantitiM  of  pbtnfUbrmimUlc^  whieh  ew 
be  produced  much  more  easily  by  digestlBg  formic  etherwith  aoifinethwi  hj  tbeprsceis 

bitbrrtn  pniplrn-cd  (dt^ttillatioD  of  oxalate  of  aniline).  Phenjrifonnamide  ha*  the  reUMiu 
able  properly  (not  as  yet  obsencci)  of  being  precipitated  from  iis  aqueoun  wfiitinn  as  a 
aoUd  scarcely  cry«t4lline  mau  o»  adtiitiun  of  a  strong  bolution  of  caustic  soda.  By 
sqNwatiag  this  conpiniad  fioni  the  liquid,  and  purifying  it  aa  far  aa  possible  by  rapid 
preaiore  between  folds  of  bibahras  paper,  it  was  poeiible  to  make  tn  analjais  of  iL 
Its  compotttlm  wis  found  to  be 

CHOI 
CH,NNaO=C,H,  U. 


By  the  action  of  water  npoa  it  phenyliiBraiauiide  and  hydrate  of  sodium  are  rcpro- 
dneed. 

t  Ann.  Cheia.  Pharai.,  toL  ciii.  pb  321. 


Digitized  by  Google 


1866.]       Prof.  Phillipi  on  a  Zone  of  Spots  on  the  Swu  68 


II,  "Notice  of  a  Zone  of  Spots  on  the  Sun."  By  Jonx  Phillips, 
M.A.,  LL.D.,  F.K.S.,  Professor  of  Geology  in  the  Univei'sity 
of  Oxford.   Eeceived  March  22^  1866. 

Dnrin^  the  latter  luilt  of  February  and  the  first  half  of  March,  <]u>t>  of 
extrt  ly  varied  ciiaraettr  Imve  nppenred  ou  the  sun,  and  lia\(  been  bcen 
with  great  distinctness,  in  good  observing  woilher,  through  the  whole  or 
parts  of  two  semi-roiations.  Ou  the  13th  of  FebruHrv,  at  lO**  23"*,  four 
•pots  were  visible  ou  the  disk,  in  the  situations  marked  Z,  A,  B,  C  in  the  dia- 
gram No.  1.    In  that  diagram  the  apparent  course  of  the  sun's  equator  is 


Diagram  ITa  I* 


marked  by  the  curved  line  e,  and  the  pole  of  rotation  at  P.  Thus  the  four 
spots  indicated  for  observation  being  all  on  the  satne  side  of  the  sun's 
equator,  and  all  witiiiii  the  latitude  of  10°,  constitute  a  zone  of  Mpois. 
Since  that  date  a  tiltli  i!.put,  D,  still  in  the  eamc  zone,  has  appeared,  fol- 
lowing C.  Of  these  Z  was  about  to  disappear;  its  reapjiearance  was 
ijnteJ,  and  several  remarkable  changes  in  foi m  \sxrc  observed  while  it 
trin  erscd  half  tlie  disk,  till  its  contraction  to  a  black  speck  1000  miles  in 
diameter,  after  which  it  was  obliterated.  The  8|)ot  B  had  ;nl\aneed  some 
distance  on  the  disk,  and  was  followed  till  the  2lst  of  February,  when  k  ap- 
proached the  edge,  witii  indications  of  being  a  shallow  concavity.  It  was 
not  observed  to  reappear.  The  spots  A  and  (J  rt  cjiure  !onp:er  notice,  both 
on  account  of  tlieir  persistence  through  more  than  a  iutaiiun-period,  and 
because  of  tlie  remai  kable  changes  which  they  have  undergone. 
The  spot  D  is  now  under  ubservation. 

The  spot  A,  Visible  li um  the  4th  to  the  16th  of  February,  and  again 
reappearing  early  in  ^larcli,  was  solitary,  and  apjHuxinuUely  round,  mea- 
suring, on  February  10,  about  23,000  miles  across  the  penumbra,  and 
about  bUbO  across  the  uinltra. 

It  had  a  clear  bjuwn  tint  over  the  whole  penumbra,  the  body  of  the  sun 
ftj*pi-aring  fairly  white,  and  a  deeper  brown  tint  over  part  of  the  uuiljiji, 
the  remaining  and  larger  space  of  the  umbra  being  black.  The  penumbral 
space  was  marked  with  the  broken  structure  represented  in  a  former  corn- 
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mimical  ion*.  The  edges  of  the  umbra  and  pemuiibra  wore  tniicli  lirokon, 
the  former  running  out  into  a  sharp  point  on  the  apparent  kit,  and  in- 
cluding R  lighter  brown  space. 

Except  in  tins  part,  the  dark  umbra  was  uniformly  and  equally  disUint 
from  the  pcnunibral  border,  so  that  it  ortereri  m  excellent  object,  large 
enough  and  distinct  enough  to  be  employed  with  contidcnce  aa  a  test  of 
the  depth  of  the  umbra  bt^iu  itb  the  luminous  photosphere. 

In  a  former  commnnicaiiun  1  uss^igncd  to  an  umbra  of  gooil  figure, 
can  f  ullv  observed,  a  depth  of  oidy  3(Jl)  uulest.  Since  then  M.  Cbacoruac^: 
has  given  the  depth  of  lUO  miles  as  an  approach  to  average,  though  in 
some  cases  1000  miles  might  be  nearer.  That  the  ^pots  are  most  frequently 
sunk  below  the  photosphere,  as  Wilson  long  since  asserted,  can  no  longer 
be  doubted,  since  Mr.  De  la  Bue,  Mr.  Stewart,  and  Mr.  Loewy  hare  re- 
corded, after  many  measures  of  photographs  taken  at  Kew,  as  the  general  * 
remit  that  the  interior  parts  of  the  solar  spot  are  sunk  below  the  general 
surface 

The  spot  now  under  consideration  approached  the  edge  of  the  disk  on 
the  15th  of  February,  when  the  nmbra  seemed  nearly  bridged  across  by  a 
lighter  part,  and  was  perceptibly  but  very  slightly  nearer  to  the  followingt 
or  left-hand  side. 

The  reappearance  of  this  spot  was  anxiously  looked  for.  It  came  into 
Tiew  on  the  morning  of  March  3,  having  when  observed  passed  the  limb 
abont  6^  16'.  Its  appearance  was  sketched  on  this  occasion,  and  again  on 
successive  dsys  to  the  Hth  of  March.  Its  apparent  magnitude  was  dimi- 
nished, but  the  main  features  were  less  altered  than  is  usual  with  sun- 
spots.  The  umbra  still  appeared  in  such  relation  to  the  penumbral  border 
aa  lo  confirm  the  opinion  of  its  being  hot  very  little  depressed  below  the 
photosphere.  Remarkable  changes  happened  between  the  7th  and  10th  of 
March.  On  the  8th  two  broad  penumbral  extensiona  appeared ;  on  the  9th 
these  were  separated  into  two  detached  masses,  and  much  altered  io  figure. 
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The  path  of  9poi  A  in  Febmarj  and  March. 
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The  great  spot,  or  rather  aggreguiion  of  spots,  marked  G,  was  ohierfed 
from  the  13th  to  the  24th  of  February,  as  often  as  good  opportunities 
occurred  in  the  extremely  Tariable  weather.  When  fnlly  expanded,  about 
the  1 7th,  18th,  and  19th  of  Febmaiy,  it  measured  about  12^  on  the  surface 
of  the  sun,  and  occupied  a  spaee  about  100,000  miles  long^  lying  not 
quite  parallel  to  his  equator,  and  indnding  forty  or  more  black,  dark,  and 
duskj  umbral  tracts^  in  a  complicated  penumbral  area*  The  definition 
was  often  excellent,  so  as  to  show  the  grsnnlar  surface  of  the  photoq>here 
with  more  than  ordinary  distinctness. 

The  same  fine  brown  tint  already  referred  to  was  observed  in  the  pe- 
nnmbral  spaces,  and  there  was  every  gradation  of  depth  in  this  tint 
observable  in  the  many  specks  and  spots,  till  in  a  few  only  it  seemed  to  be 
black.  The  penumbral  tracts  were  plainly  broken  up  into  a  kind  of  net- 
work of  granulation ;  and  the  largest  spot,  chosen  for  special  study,  threw 
out  long  black  digitations  into  the  surrounding  granuUited  space  of  the 
penumbra,  like  slits  in  a  solid  substance,  1000  or  2000  miles  in  length. 

These  characters  of  tlie  largest  spot  in  the  group  C  became  very  pro- 
minent on  the  19th  of  February,  and  were  accompanied  by  others  of  an 
unusual  character,  which  sceni  to  di'scrve  special  attention  in  the  question 
of  the  nature  and  history  of  these  black  spaces.  In  the  drawing  for  this 
date  these  appearances  are  sketched  witli  a  power  of  135.  The  spot  was 
somewhat  rhomboidal,  the  extreme  length  from  ane;1e  to  aiigle  being  about 
l.'),l)OD  miles,  the  least  breadth  about  4500.  On  the  right  the  botnidiiry 
was  gently  convex ;  parallel  to  it  was  a  briglit  faeular  tract  of  unitbrrn 
breadth  ;  this  was  margined  on  the  right  by  a  nearly  continuot:s  very 
narrow  black  band,  1  7,. miles  long,  extending  in  both  diiectioua  be- 
yond the  spot,  and  slightly  ramose  in  the  (apparently)  upper  part.  Pa- 
rallel to  this  again  was  a  curiously  interrupted  scries  of  black  angularly 
bent  sharp  cuts,  ending  upwards  iu  a  larger  subdigitutt  d  mass,  nearwliich 
were  some  other  small  spots,  forming  broken  chains,  which  turned  off  in 
eurvtb  to  111.  ri;^lit  for  about  40,000  miles  (PL  11.  fig.  7). 

On  tlie  '20i\i  ot  February  the  appearances  had  changed  to  those  repre- 
seitted  in  another  sketch  (PI.  II.  fig.  S),  where  the  great  spot,  something 
reduced  in  magnitude  and  altered  in  figure,  shows  Tcry  long  digitations 
on  all  sides ;  the  facular  space  on  the  right  is  broader ;  the  long  very 
narrow  black  band  shows  two  internal  extensions ;  tlte  outer  crested  ridge 
bas  gathered  Itself  into  a  shorter  figure,  10,000  mUeslong,  and  has  lost 
the  character  of  angular  tegulatioo  whidi  was  so  remarkable  on  the  19th. 

On  the  21  St  the  spot  had  approached  enough  toward  the  limb  to  un» 
dergo  some  apparent  change  of  general  figure,  by  contraction  perpendicular 
to  the  edge ;  the  facular  space  on  the  right  was  entirely  free  from  the 
narrow  curved  black  divisional  band ;  and  the  summit  of  the  outer  broader 
hand  was  bent  away  from  the  great  spot,  to  which  it  had  been  parallel 
(PK  II.  fig.  9).  The  disappearance  of  the  spot  amidst  large  devated 
bright  fiiculm  and  depressed  broader  shaded  tiacts,  was  sketcbed  on  the 
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24th  of  February.  Reappearing  with  similar  splendid  companion  ridges 
of  mountaiaous  clouds,  but  much  reduced  in  size,  and  altered  in  every 
part,  it  was  observed  again  trom  the  12th  to  the  17th  of  March,  after 
which  the  weather  allowed  no  turther  opportunity.  Two  sets  of  drawings 
of  this  remarkable  spot  are  presented  to  bliow  its  growth,  development, 
and  decay  (PI.  11.  figs.  7,  8,  9,  and  10,  11,  The  apparent  path  on 

the  sun's  disk  is  given  for  each  pcrir  1  uf  uppearunct — the  Lwu  paths 
differing  by  reason  of  the  change  in  the  apparent  place  of  the  sun's  equator 
(see  Diasram  No.  3). 


But  few  examples  occur  of  such  large  penumbral  tracts  grouped  about 
so  many  dark  uiul  liali-darketicd  uitibrrc.    On  the  sun  they  occupieil, 
already  stated,  a  tract  about   \'2"  in  length,  not  quite  parnllel  to  the 
equator  ;  and  may  be  compared  to  some  of  those  which  are  most  couspi- 
cuous  iu  Mr.  Carrington's  plates. 

Prom  what  has  been  observed,  it  appears  that,  iu  a  given  lone  of  spots, 
not  only  are  the  aspects  of  the  particular  spots  much  diversi6ed,  but 
further,  that  the  changes  to  which  they  arc  subject  offer  much  variety. 
These  circumstances  seem  to  point  to  particular  local  conditions  as  the 
cause  of  the  diversity  of  appearance,  though  it  may  be  possible  to  refer  to 
other  influences  the  frequency  of  their  occurrence,  if  not  the  fact  of  their 
occurring  at  tSL 

The  five  spots  now  nnder  review  lie  within  an  arc  of  longitude  of  205^, 
leaviikg  155^  in  whicli  as  yet  no  spot  has  Utely  been  seen.  In  1664,  during 
tbe  months  of  March  and  April,  a  zone  of  spots,  also  fl?e  in  number,  and  on 
the  same  side  of  the  equator,  was  contained  "irfthin  an  are  of  longitude  of 
243^  leaving  1  ir*  at  Uiat  time  free  from  spots.  There  was  then  within 
the  same  are  oi  243^  a  pair  of  spots  in  about  the  same  latitude,  but  in  tbo 
opposite  henuspheteii  Taking  these  into  account,  the  arerage  of  the  arcs 
of  longitude  between  the  spots  was  about  49^,  In  the  ease  of  the  spots 
lately  passing  it  was  51^  Twentj-six  revolutions  would  have  brought  the 
middle  of  that  sone  of  activity  of  1864  to  nearly  the  same  place  on  the 
sun's  disk,  as  the  group  now  under  eonsideratlon. 

To  whaterer  cause  we  may  ascribe  the  fact  of  the  breaking  out  of  these 


Digitized  by  Google 


18660        Pro£,  Thm^  m  a  Zim*  p/ Sifoii  of^  the  fhm,  67 

spoti,  there  would  appear  reason  for  expectation  that  spots  of  like  cha- 
racter may  be  expected  to  recur  again  in  the  same  parts  of  the  sun's 
surface.  In  the  great  work  of  ^Tr.  Carriiifrtoii  we  find  several  examples 
of  the  npjienrancc  of  new  spots  in  nearly  the  same  places  as  tliose  which 
had  been  so  occupied  before.  Those  who  think  with  M.  Chacornac  thiat 
sun-spots  are  due  to  volcanic  eruptions,  and  regard  their  chnnL-c^  of  ap- 
pearance as  effec  ts  of  the  diisplacement  of  solid  and  g:aseoui>  bodies  about 
the  region  of  disturbance,  mnst  naturally  look  for  repetitions  of  these  phe- 
nomena iu  the  same  parts  of  the  solar  surface. 

The  greater  frequency  of  spotri  between  the  parallels  of  10°  and  30° 
lat.  N.  and  S.,  the  comparative  rarity  of  thera  on  the  e<|uator,  and  the 
almost  eiiLiic  absence  of  thein  from  the  circumpolar  regions  is  well  esta- 
blished. If  we  take  the  data  from  Mr.  Carrlngton's  register  and  suppose 
in  all  1000  spots  to  be  observed,  178  will  be  found  between  the  parallels  of 
0°  and  10**  from  the  equitor,  450  between  10°  and  20°,  324  between 
tnd  30^  and  48  above  301^. 

The  proportionate  miisbers  for  the  northern  and  aoothern  hemispheres 
are  450  in  North  ktitude,  550  in  South  latitude. 

If  now  we  inquire,  by  the  aid  of  the  same  inTaluable  book»  i|B  to  the  re- 
lative frequency  of  spots  in  different  longitudes,  we  shall  obtain  a  result  of 
considerable  interest  in  reference  to  the  question  of  the  place  of  the 
eruptions.  Mr.  Carriogton  has  registered  his  observations  through  99 
rotations^  and  has  arranged  them  in  groups  which  can  be  tabulated  for 
longitude.  Assuming  the  rotation-period  to  be  exact  enough  for  fixing 
the  longitudes  in  the  course  of  seven  years  and  142  days,  we  may  repre- 
sent the  relative  frequency  of  the  spots  on  different  meridians  as  follows : — 

o  o 

Longitude  10  to  20           820  maximum ; 

„  60  to  70  ... .  220  minimum  ; 
„  100  to  110  ... .  313  maximum  ; 
„  160  to  1 70  ....  250  minimum ; 
M  190  to  200  ....  366  maximum  ; 
„     300  to  310          173  minimum; 

shnwiii2;  t  lin  iii;i\lma  at  intervals  of  9(f,  90\  and  180°,  and  three  lui- 
nui)  I  !tt  iiit^  rvais  of  100°,  140°,  and  120°.  Or  if  we  take  the  circuinfcrence 
of  tiiL  -nil  iu  three  meridional  compartments  of  120°  each,  and  suppose 
1000  spots  in  all,  we  shall  find 

0  to  120  357 

120  to  240  ....  368 
240  to  360  ....  274 

I  am  at  present  of  opinion  that  this  result  may  be  trusted  so  tar  as  to 
show  that  certain  tracts  of  tlie  sun  s  surface  arc  more  liable  to  eruption 
than  other  tracts,  by  reason  of  local  peculiarity  only. 
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Luminotity  of  the  8un, 

AttentiTe  obsemtion  ahows  the  ligbt  of  the  son  to  be  feeblest  toward  tbe 
edges  of  the  disk,  strongest  about  the  centre.  By  M.  Chaconiac*s  measufe 
the  ratio  of  the  central  to  the  msr^nal  light  it  100  to  45.  Looking 
directly  on  the  central  regions^  the  light  is  found  to  be  much  the  brightest 
on  the  apparent  summits  of  the  undulations  of  the  photosphere  (*'  rioe« 
grains*') ;  and  looking  to  the  limb^  it  is  the  faculae  which  are  the  brightest 
parts.  In  each  case  it  is  the  outermost  parts  of  the  photosphere  which 
are  the  biightestt  and  it  b  the  innermost  parts  which  are  the  darkest. 
The  depth  of  shade  appears  to  be  in  direct  proportion  to  the  depth 
below  the  outer  surface  of  the  photosphere.  It  appears  to  me  that  such 
appearances  would  follow  natumllj  from  the  hypothesis  mentioned  in  my 
first  communication  on  this  subject  *.  The  hypothesis  is  that  the  lowest 
parts  of  the  umbral  spaces  yield  the  least  refrangible  and  least  luminous 
rays,  such  as  belong  to  the  sjiaoe  about  the  red  end  of  the  spectrum. 
These  spaces  may  not  be  bUu^k,  not  e?en  very  dark,  eioept  by  comparison 
with  the  brilliant  spaces  around ;  where  the  rays  from  them  pass  into  the 
photosphere,  thoy  heat  it,  as  the  dark  rays  separated  by  sulphuret  of 
carbon  in  Tyndall's  experiment  heat  the  platinum  foil,  and  other  solid 
bodies.  Bodies  tlui>  lieated  emit  new  rays  according  to  their  nature  ;  the 
solar  photosphere  is  of  such  a  tmturo  as  to  send  to  us  the  mingled  pencils 
which  we  receive;  the  principal  effect  of  this  kind  being  at  a  maximum  on 
the  outermost  layer.  Tbe  effect  of  this  will  be  to  cause  streams  of  the 
most  luminous  rays  from  the  most  elevated  parts  of  the  photosphere*  which 
will  be  seen  directly  in  front,  about  the  8un*s  centre,  while  toward  the  edgea 
the  sides  of  the  unrhilations  alone  will  be  seen,  and  the  rays  which  they 
yield  will  be  less  luminous — the  only  parts  which  are  there  jery  bright 
being  the  high  ridges  of  the  faculce. 

Another  view  has  presented  itself  to  me.  If  we  admit  the  depressed 
part  to  be  the  body  of  the  sun  disclosed  from  below  the  luminous  envelope, 
we  may  suppose  its  darkness  to  be  due  simply  to  radiation.  For  however 
hot  the  sun  may  be,  if  its  composition  be  like  that  of  the  earth,  the  fused 
parts  would  be  cooled  and  darkened  at  the  surface  where  it  may  be 
uncovered — very  much  darkened  where  the  exposure  is  complete  (the 
umbra),  partially  so  where  the  envelope  b  not  wholly  removed  (the  pe- 
numbra). It  might  be  some  test  of  this  view,  if  the  hourly  changes  of  the 
umbra,  immediately  after  its  first  appearance,  could  be  accurately  noted 
in  respect  of  the  degree  of  darkness  as  well  as  of  the  change  of  form. 
The  umbra  ought  to  grow  darker  and  darker,  never  lighter  and  lighter, 
except  by  the  overspreading  of  photosphere,  which  would  be  indicated 
independently  by  changes  on  the  penumbral  area. 

From  what  I  have  seen  in  the  course  of  these  obsen  ntion?,  1  infer  that 
the  study  of  the  physical  condition  of  the  solar  Sjiots  cannot  be  regarded 
as  likely  to  yield  data  of  sufficient  weight,  if  it  do  not  include  determiua* 
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tioM  at  fl^rt  intervals,  as  twice  a  daj  for  the  whole  penuinbral  outline, 
end  OBM  ui  hour  for  selected  critical  parts  of  the  umbra. 

EXPLAlVAnON  OF  PLITB  IL 

[Ihe  0^iiwia  aw  all  dnnm  to  npraeot  the  oligoots  as  thejr  appeared  in  a  6-uioh 
admoatie  ftiraiihed  with  th»  gla«  mirror  Mt  to  rrlect  the  rayi  in  the  equatorial 
pknetotiMWMtnard.  The  tnotioa  of  the  tpot  it  irom  left  to  right.] 

Vig.  h  AjiiWBiMwef  they>tA,iieMiyonflie  ewtial  aaeriJiMi^  1866, 
at  11^  16^.  IhadaritMt  pwt  orHw  umbtmwaetothe  right;  CD  theleita 
diarp  MOurreDt  part  like  a  fiaeuro  ;  U'lwi><ni  this  and  the  larger  and  daiker 
P  !H  wuA  a  liglitor  brown  truct   SmAl  dot*  on  the  penumbra  in  the  upper 

jxirt  to  tlip  lelTL    Diametrr  2.*?,'KK>  mih's. 

Fi^  2.  yint  ttketch  of  the  »pot  A  alter  iin  reappearance,  March  5th,  10^  90*.  The 
long  flBoorrent  parte  at  the  eatremitiee  of  the  etliptioal  figure  (clUpticail  by 
reaaon  of  the  proximity  of  the  ipoi  to  the  edge  of  the  dink)  are  frequent  ap- 
peantnccH  in  this  position  of  the  qMita.  This  figure  is  rather  too  small  in 
proportion  to  4,  5,  and  G. 

JFIg.  d.  Spot  A,  ftirtlier  on  tlio  disk.  Tho  figure  in  mthL-r  Uh)  small.  Note  tho 
peculiar  sliapee  of  the  luuall  fibuiure-like  extemuomi  on  the  letl.    March  tith. 

Fig.  4.  Spot  A,  still  further  on  the  disk,  Mansh  7th»  10^0^.  The  ramiUcations  from 

tlie  umfafu  hare  dunged  in  appearance. 
Fig.  5.  Spot  A.  near  the  central  meridian,  Marcli  8th,  12*  3(f* .    Tlie  two  extennionii 

of  the  penumbm  on  the  \c\\  hate  come  into  a^ght  since  jestertlay.    Notr  the 

little  dot  at  their  common  origin,  and,  directed  towards  it^  the  longest  of  the 

excurrent  umbr&l  fiesum. 

Fig.  6u  Spot  A,  l[srch9th,  12^  0".  Here  the  esottrrent  penumhrsi  traets  are  found 
to  be  separated  from  the  spot,  and  from  eadi  other,  and  changed  in  direetion. 

Tlie  umbra  \»  much  alten-d,  and  haH  a  deep  pinarginnti<in,  in  plnct»,  appa- 
rvmtlv,  of  a  sin  il!  white  ;i|wk,  seen  in  fig.  5.  Kote  also  a  black  speck  on  the 
right  upji«'r  wlge  oi  tiie  luulira. 

Fig.  7.  Spot  C,  U>e  largest  umbral  «nict  wiLii  its  border  on  the  rights  Feb.  ii^th, 
10**  45*".  On  account  of  the  remarkable  aspect  vhieb  the  umbra  wore  on 
this  oocaeion,  it  waa  drawn  repeatedly  with  great  care.  Note  in  partioular 
the  digitations  of  the  largo  umbra,  the  brond  facuhtr  s]);u-r  to  tlie  right,  and 
the  p«rjilh«l  v«tv  r>Mrrf>w.  inferni]itix1,  nnrl  tr^ulntpd  umhml  hnids.  which 
are  part  of  a  HVf^tiMii  ut  int^TrupUHl  sniall  dark  trnctti,  tra42mble  tiirougli  nearly 
all  tlve  length  of  the  penumbra,  wrhich  on  this  occasion  waa  about  JOU,U(X) 
miles  from  end  to  end.  ^le  umbra  itself  measured  about  15,000  milee  be- 
tween the  eatremities  of  the  digitations. 

Fig.  8.  Tlie  same  parts  as  they  appeiired  on  Feb.  2l»th,  lO*"  20*".  Tlie  general  figure 
of  thi«  uinbm  in  chunged ;  the  long  pnnilh'!  nnrrow  Mack  spaoo,  and  the 
broader  tract  on  the  outnide  of  it  are  greatly  alton-d  ;  the  Litter,  turning  awuy 
from  the  umbra,  appLMirs  to  havt^  gathered  into  itself  the  (tetacbed  spota  which 
appear  in  fig.  7,  and  to  have  lost  the  angular  tegulation  whidb  then  waa  eon- 
Bpiciioua. 

FSg.  9.  In  this  figure  tlie  approach  toward  the  e<lgo  of  the  sun  is  wrisiJ)]*'  iu  the  eIon> 
gjition  of  till'  large  utnhnv  and  its  cf>iiipimion.    F<'I>.  'Jlst,  'J''  .'U)'". 

Fig.  10  fthows  Un»  mip[>earHnce  of  this  npot  C.  near  the  ttigf,  with  u  (livtdt*ii  umbral 
tract,  of  different  shadcH  of  darkne»d ;  the  whole  figure  coiiipresacd  ellipti* 
cally  by  proximity  to  the  edge.   March  12th,  12^  10". 
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Fig.  11.  Tbe  suuie  spot  uil«r  it  hud  proct-oded  ud  tiio  diNk.  mu  as  to  allow  of  all  \mri^ 
being  fieen  in  their  true  proportiona.  Ibrch  ISth,  2^  dO*.  The  change  of 
figure  in  the  whole  pmumbnl  spaces  and  in  the  darkert  parte,  b  ao  great  that 
il  ia  difficult  to  be  amurcd  of  the  identity  of  any  one  point  now  risible  with 

the  nppearanw  nl>own  on  any  ocruusion  in  Fobrunry.  Yet,  in  fact,  OD  search- 
insf  estn-rullv  tin-  ncitrbbonrinfr  fni«ts  nf  p!u»fi wplipre,  we  tsin  di8<v»rn  w1»at 
npi»enr  to  Ix-  tr;i<v»  ol  the  .spatx\H  uecujiiiil  liy  tlie  old  i)enumbni.  This  ini- 
portuut  oWrvatioii  wa^i  made,  not  by  mysell  only,  but  also  by  friends  who 
were  quite  unaware  of  the  interesting  (duuges  of  form  whidi  had  occurred. 
Pig.  12.  Haroh  14th,  11^  90*.  Here  the  spot  is  seen  ihrther  modified ;  gathered  up 
into  a  amallw  and  more  i  l  ul  ir  .>^hnpe,  with  adeep  slit  through  the  penumbra 
into  the  umbra;  the  detached  penumbra  on  the  left  was  lost  after  a  further 
day's  motion. 

The  Society  then  ailjourned  over  the  Easter  Vacation  to  Thursday, 
April  12. 
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12, 1866. 

Lieut-General  SABINE,  President,  in  the  Chair* 

Thft  feOownti*  ooniniiiiicat^^  — 

L  "On  Uniform  Rotation."   By  C.  W.  Siemens,  F.E.S.  Eeceivcd 

March  10, 1866. 

(Abftnct.) 

The  paper  sets  out  with  an  bquirj  into  the  eondiftioiii  of  the  eonfeil 
pendfdiim  ai  a  meana  of  obtaining  uniform  rotation.  TUs  inatramonty  aa 
applied  by  Watt  to  rcgnkte  the  vdodty  of  hia  ateam-engDiiaa,  ia  ahown 
to  be  defeetiva^ — fiiat^  beeauae  the  regulated  poaition  of  the  yalre  dependa 
iqpon  the  angnhur  pontion  of  the  pendnluma,  and  therefore  upon  the  niodty 
of  rotation,  which  mnat  be  petmanentlj  ehanged  in  order  to  eflfect  an  ad- 
jortment  of  the  Yahe;  and  leoondly,  beamae  when  the  halanee  between  Ibtoe 
and  renatanee  of  the  engine  at  a  given  velocitj  la  diatDrbed*  the  angdar 
poaition  of  the  pendnlnma  will  not  diange  nntil  apowar  haa  been  eieated 
in  lliem«  throof^  acceleration  of  the  engine,  anffieientto  overoome  tiie  me- 
fhanical  reiiatanoe  of  the  valn^  giving  riae  to  a  aerieo  of  ftnetoationa  befine 
a  bnlanee  between  the  power  and  leaiatanea  of  the  engine  la  reeataUlahed. 

Tlieae  dcfeeta  in  Watt*  a  cantrifbgal  governor  are  shown  to  be  obviated 
in  the  chronometric  governor,  an  instmment  which  waa  pfopoied  by  the 
author  of  the  paper  twen^«tfaree  years  ago,  and  which  consists  of  acomcal 
pcndolnni  proceeding  at  a  nnifiinn  angle  of  rotation,  and  therefore  at 
miform  speed,  which  is  made  to  act  upon  the  regulating-valve  by  meana 
of  a  differential  motion  between  itaelfa]^  the  engine  to  be  regdated,  which 
latter  haa  to  aoeommodate  itself  to  the  rotationo  Imposed  by  the  Indepen- 
dent pendolam.  The  differential*motioa  wheela  are  taken  advantage  of 
Ibr  imparting  independent  driving-  or  sostaining-power  to  the  penddnm ; 
and  a  eonatancy  of  the  angle  of  rotation,  notwitiistanding  unavoidable 
floctaatioaa  in  the  sostaining-power,  is  seenred  (within  certain  limita)  by 
eslling  into  play  a  break,  or  flnid  resistance,  at  the  moment  when  the  angle 
of  rotation  reachea  a  maximum,  whieh  msximum  position  is  perpetuated  by 
lacfeaaing  the  sustaining-power  beyond  what  Is  ilrietiy  necessary  to  over- 
come the  ordinary  resbtance  of  the  pendulum. 

Hie  ehronometiic  governor  ia  need  by  the  Astronomer  Royal  to  regulate 
the  motion  of  the  large  equatorial  telescope  and  recording  apparatna  at 
Greenwich,  In  whieh  application  a  very  high  degree  of  regularity  is  at- 
tained ;  but  the  inatrument  proved  to  be  too  delicate  in  its  adjustments  for 
ordinary  steam-engine  use. 

After  a  short  allusion  to  M.  Foucault^a  governor,  the  paper  enters  upon 
the  description  of  a  new  apparatus  which  the  writer  haa  imagined  for  ob- 
tamlng  uniform  rotation,  notwithstanding  great  variations  in  the  drivmg^ 
power,  and  winch  consistfly  In  the  main,  of  a  parabolic  cup,  open  at  top  and 
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1)ot(oin  and  mounted  uj)on  a  vertical  axis,  whicli  cup  dips  with  its  smaiier 
opening  into  a  liquid  contained  within  a  casing  completely  enclo^incr  the 
cup.  It  is  shown  that  a  certain  angular  velocity  of  the  cup  will  raise  the 
liquid  (entering  from  helow)  in  a  paraholic  curve  to  its  upper  edge  or  brim, 
niid  that  a  very  slight  increase  of  the  velocity  will  cause  actual  overflow,  in 
the  form  of  a  sheet  of  liquid,  which,  heing  raised  and  projected  against  the 
sides  of  the  outer  chamber,  descends  to  the  bath  below,  whence  fresh 
liquid  continually  enters  the  cup.  Without  the  overilow  scarrf  ly  nny 
power  is  recjuired  to  maintaiu  the  cup,  with  the  liquid  it  contains,  m  moiion  ; 
but  the  moment  an  overflow  en^nos,  a  considerable  amount  of  i>ower  is 
absorbed  in  rni^sitiir  nn<\  projecting  a  continuous  stream  of  tiic  hquid, 
whereby  further  acceleratiou  is  prevented,  and  nearly  uniform  velocity  is 
the  re«:nlt.  When  absoUitc  unilbrniity  is  required,  the  cup  is  not  ftxed 
upon  tlie  rotj'.tiiiL,-  axis,  but  is  suspended  from  it  by  a  spiral  spring,  which 
not  only  supjuirt^,  its  weight,  but  also  transmits  the  driving-power  by  its 
torsional  monn  nt.  The  cup  is  guided  iu  the  centre  upon  a  helical  surface, 
which  arrauL't'tiietit  has  for  its  result  that  an  increase  of  resistance  or  of 
driving-power  proiluces  an  increased  torsional  action  of  the  spring,  and 
^^  ltll  it  an  automatic  descent  of  the  cup,  sufficient  to  make  up  for  the 
tliii  kness  of  overflow  required  to  effect  the  readjustment  between  power 
and  resistance,  without  perm ;ui cut  increase  ol  angular  velocity. 

It  is  shown  that  the  density  of  the  liquid  exercises  nointiueuce  upon  the 
Telocity  of  the  cup,  which  velocity  is  expressed  by  the  foUowiog  formula* 

A /LVMri  +  — \ 

in  whieh 

n  sigiiifiei  the  number  of  rerolntioDS  per  Becond, 

h  the  height  of  liquid  from  the  surface  to  the  brim  of  cup, 

T  the  radius  of  the  brim»  and 

p  the  radius  of  lower  orifice  of  cup  ; 

only  the  rigidity  of  the  Spring  muat  be  greater  when  a  comparatively  dense 
liquid  is  employed. 

.  In  order  to  test  the  principle  of  action  here  involved,  Mr.  Siemcus  has 
constructed  a  clock  consisting  of  a  galvanic  batter)',  an  electro-magnet,  and 
his  gyrometric  cup,  besides  tbu  necessary  reducing-wheels  and  hands  upon 
a  dial  face,  which  proceeds  at  u  uniform  rate,  although  the  driving-power 
may  be  varied  between  wide  limits,  by  the  iniiuducUun  of  arti6cial  resis- 
tances into  the  elecuiual  luciuL.  1  he  instrument  appears,  therefore,  well 
calculated  for  regulating  the  speed  o(  all  kinds  of  })hilosophical  a]iparatus, 
and  also  for  obtaining  synchronous  rotations  at  different  places  for  tele- 
graphic purposes.  One  of  its  most  interesting  ap|)lieations  is  embodied  in 
the  **Gyrometric  Governor for  steam-engines,  of  which  an  illustraiion  is 
given*   This  cousibts  of  a  cup  of  :JUU  millimetres  diameter  aud  the  ^aaie 
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bdgjht,  wbich  ii  fixed  upon  it«  Tertical  axis  of  iot«tioii«  and  la  endoaed  in 
an  onter  ehambcr,  oontaiamg  water  in  aiich  quantity  that  the  lower  ez- 
tnmity  of  tlie  eup  dipt  below  ita  aarface.  The  upper  edge  of  the  rotating 
cnp  11^  in  this  application,  suirounded  by  a  stationary  ring  armed  witli 
TCfftieal  Tanea,  by  which  the  overflowing  liquid  ia  arrested  and  directed 
downward*  canaing  it  to  fall  throug]\  a  space  or  zone  which  ia  traveraed 
by  a  number  of  radial  and  vertical  blades  projecting  from  the  external  sur- 
face of  the  rotating  cup,  which,  in  striking  the  falling  liquid,  project  it  with 
conaiderable  force  against  the  sides  of  the  outer  vessel,  at  the  expense  of  a 
correaponding  retarding  effect  on  the  cup,  increasing  its  regulatiug^power* 

The  cup-spindle  carries  at  its  lower  extremity  a  pinion,  which  gears  into 
two  planet-wheels  at  opposite  points,  wiiich  on  their  part  gear  into  an 
inverted  wheel  surrounding  the  whole,  which  latter  is  fastened  upon  a 
vertical  shaft  in  continuation  of  the  cup-spindle,  and  is  driven  round  by  the 
engine  in  the  opposite  direction  to  the  motion  of  the  cup.  The  two  inter- 
mediate or  planet-wheels  are  attached  to  a  rocking  frame  supported,  but 
not  fixed,  upon  tlic  central  axis,  which  wheels,  in  rotating  upon  their  studs, 
are  also  free  to  follow  the  impulse  of  cither  the  pinion  or  the  inverted 
wheel  to  the  extent  of  the  diffrrtMitinl  mntinn  nrisiii'j:  bi  [\s  cen  tliem.  The 
rocking  frame  is  connected  to  i  he  k  L:nl.itiiit;  vaUe  ut'  \\\v  enguie,  and  jilso 
to  n  weight  suspended  from  a  horizoniiil  arm  upon  the  valve-spintile, 
tending  to  open  the  valve  and  at  the  same  tune  to  arc*  It  iate  tlie  cup  to  the 
extent  of  the  pressure  produced  b"  t\\  i  >  n  the  teeth  i  t  the  planet-wheels  and 
the  pinion,  while  the  engine  is  constantly  employed  to  raise  the  weight 
and  to  cut  off  the  suj)ply  of  steam.  The  result  is  that  the  engine  has  to 
conform  absolutely  to  the  regular  motion  imposed  by  the  cup,  which  will 
be  precisely  the  same  when  the  engine  is  charged  with  its  maximum  or  its 
minim uui  of  resisting  load. 

The  paper  shows  that  the  actiou  upon  tlie  valve  must  take  place  at  the 
moment  when  the  balance  between  the  power  and  load  of  the  engine  is 
disturbed,  and  that  the  rcudjustmcnt  will  be  effected  notwithstanding  a 
resistance  of  the  valve  exceeding  100  kilogrammes — a  result  tending  towards 
the  attainment  of  several  important  objects. 

II.  "  On  a  Fluorescent  Substance,  resembhng  Qumine,  in  Animals ; 
and  on  the  Rate  of  Passage  of  Quinine  into  the  Vascular  and  Non- 
vascuiai  Textures  of  the  Body/'  By  II.  Bence  Jones,  M.T)., 
F.K.S.,  and  A.DuF&i(^  Ph  J).,  F.CS.   Jtleceived  March  14,18(i0. 

Part  I. 

On  a  Fhtorueent  Subtiamet  ruemhUng  Qutiitii^  m  AtdmaUm 
The  term  flnoreacenoe  in  the  laat  few  years  has  found  a  place  in  phyaio- 
logieal  works  hecauae  different  anhatancea  that  occur  in  the  body  have  been 
aaid  to  possess  the  property  of  fluorescence.   Of  these  the  solution  of  bik* 
idda  in  concentrated  sulphuzio  acid«  the  white  of  egg  when  kept  for  n 
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sKort  lime,  and  the  urine  sometUneSj  are  the  best-known  fluorescmg 

substances. 

But  as  long  since  as  1845,  Professor  Br&cke,  in  Miiller*! '  Arehir/  stated 
that  he  had  found  in  many  and  very  frequently  repeated  ezperimciiti^  that 
the  lens  ahsorbed  the  blue  rays  of  light  to  a  very  great  extent,  and  that  the 
cornea  and  the  aqueous  humour  did  so  to  a  less  extent,  but  that  the  lens 
together  with  these  other  media  absorbed  these  rays  to  the  greatest  de- 
gree. He  used  the  eyes  of  oxen  and  of  rabbits,  and  the  lens  of  a  pike's 
eye,  which  last,  when  dried  with  eare,  preserred  its  transpareney,  and  allowed 
the  light  to  AU  on  a  porcdain  plate  corered  with  tmcture  of  guaiacnm  and 
bleach  a  portion  of  the  green  snrfaoe. 

Professor  Stokea,  in  his  well-known  paper  **0n  the  Change  of  the  Re* 
ftangibility^  of  Light/'  in  the  PhilosophieBl  Transactions  for  1852;  says 
(p.  512)»  ''It  is  found  that  the  property  of  change  of  refranglbility  in  the 
incident  light  is  extremelj  common*"  To  make  a  list  of  sensitive  sub- 
stances would  be  useless  work ;  for  it  is  Tory  rare  to  meet  with  a  white  or 
Ught-colonred  organic  substance  which  is  not  more  or  less  sensitiTe." 
Among  others  he  mentions  hom»  bone,  ifoiy,  white  shelly,  leather^  qiuOsb 
wUte  feathera,  white  bristles^  the  skin  of  the  hand,  and  the  nails.  And  in 
his  condnsioa  (p«  557),  he  says» "  The  phenomenon  of  change  of  refrangi* 
bnity  proves  to  be  extremely  common,  especially  in  the  case  of  organic 
substances,  such  as  those  ordinarily  met  with»  in  which  it  is  almost  always 
manifested  to  a  greater  or  less  degree/' 

When  speaking  of  the  fluorescence  of  sulphate  of  quinine,  he  says 
(p.  541),  '*  When  quinine  was  dissolved  in  dilute  hydrochloric  acid,  the 
blue  colour  was  not  exhibited,  not  even  when  the  fluid  was  held  in  the 
sunlight  and  examined  by  superficial  projectioD." 

In  1 855  Helmholtz  published  a  paper  in  PoggendorflTs  'Anualen,*  vol.  xcir. 
p.  205,  in  which  he  says  that,  as  &r  as  quinine  paper  showed  that  the 
spectrum  extended,  so  far  the  eye  could  perceive  light  *. 

He  then  proposes  this  question,  Does  the  retina  see  the  rays  beyond  the 
violet  directly  as  it  sees  other  colours  of  the  spectrum,  or  does  it  fluoresce 
under  the  influence  of  these  rays?  and  is  the  blue  colour  of  the  rays  beyond 
the  violet  light  of  less  Tefrangibility  which  fihows  itself  in  the  retina  only 
under  the  intiuence  of  the  violet  lavs? 

To  determine  this  question,  he  savs,  I  examined  for  fluorescence  the 
retina  of  the  eye  of  a  man  who  had  been  dead  for  eighteen  hours.  The  first 
experiment  showed  that  it  was  very  feebly  fluorescent.  Tlic  retina  was 
less  fluorescent  than  paper,  linen,  and  ivory,  but  more  than  porcelain. 

*  In  1853  Prof.  Donder.-',  v.\  r\  p.iper  in  Mailers  '  Arcliiv,"  p. 471,  "  On  the  Action  of 
the  luTisiblo  Bays  of  high  Kctr^ingibiitty  on  the  Media  of  the  Eye,"  aayi  that  "  moHt, 
if  not  all.  the  nyi  of  hi^ier  rdVaagibiliiy  thu  the  tiolat  leaoh  the  retina,  sad  aM  not 
absorbed  by  the  different  media  through  whieh  the  light  peaeei;*'  and  Br.  Xeialer,  in 
'  Arcliiv  fur  Ophthalmologic,'  1854,  vol.  I.  p.  449,  says  tliat  "  the  crystalline  len*  ia  not 
Uto  tmm-  of  the  inruibility  of  the  rays  of  high  refrangibihty;  for  when  the  lens  if 
rcmovcd^by  operation  theee  rays  are  not  more  TisiUe. 
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The  colour  of  the  light  dispersed  through  the  retinA  is  greeniBh  white, 
Tcrj  diffeient  from  that  which  the  direct  perception  of  these  rays  usually 

gives. 

In  18.")8,  in  the  Comptes  Rendus  des  Seances  de  la  Soci^t^  de  Biologie 

pcuilaiit  le  TTiois  de  Novcmbre  185S,  pp.  166  &  167,  there  is  a  short 
liotice  licudcd  "  Analyse  et  conclusions  <V\m.  travail  sur  la  fluorescence  det 
milieux  de  Tail,  par  M.  Jules  Rcgnauld." 

He  used  sunlight,  and  found  in  man  and  the  niammifcra  that  the  cornea 
fluoresced  in  a  very  slight  degree.  In  the  sheep,  dog,  cat,  and  rabbit,  the 
crystalhne  lens  possessed  in  tlic  highest  dec^ree  fluorescent  properties.  In 
these  animals,  and  also  in  many  hirds,  the  central  ]>art  of  the  lens  (endo« 
phaine  of  MM.  Valenciennes  and  Freroy),  preserved  by  desiccation  at  a 
low  temperature,  retained  this  property. 

The  central  portion  of  the  crystalline  of  many  aquatic  vertehrata  and 
mollusca  ( j)haconinc  of  MM.  Yalencicuucs  and  Fremy)  is  ahnost  entirely 
Wit-lujut  tluorescence. 

Tlic  liyalctld  IfoJy  possesses  only  a  very  feeble  fluorescence,  due  to  the 
hyaline  membranes  ;  for  the  vitreous  humour  itself  is  not  fluorescent. 

The  retina,  as  M.  Helniboltz  discovered,  possesses  ii  ( ertain  fluorescence 
which  is  not  at  all  comparable  in  intensity  to  that  oi  the  crystalline  lens  of 
mammifera. 

Finally,  M.  Regnauld  condndes  that»  if  we  mnst  attribute  the  accidents 
caused  by  feebly  lummous  ladiatbns  of  the  electrie  light  to  the  phenomena 
of  fluorescence,  it  is  above  all  in  the  energetic  action  on  the  ciystalline  that 
it  is  natural  to  look  for  an  explanation.  The  impressieii  which  the  cornea 
nndeiigoes  must  nerertheless  not  he  neglected. 

In  1859,  in  the  '  ArehiT  f&r  Ophthalmolo^/  toI.  t.  part  II.  p.  205, 
there  is  a  paper  by  J.  Setschenow  of  Moscow,  "  On  the  Fluorescence  of  the 
Tkransperent  Media  of  the  Eyes  of  Man  and  some  other  Animals.'^  Ho 
undertook  the  examinatiop  at  Ptolbssor  Uelmholts's  request,  because  it  was 
possible  that  the  phenomena  of  fluorescence  observed  by  Hefanholti  mig^t 
have  been  modified  by  a  post-mortem  ehsnge  in  the  ejfe. 

Ho  experimented  on  the  eyes  of  oxen  and  rabbits.  The  fresh  retina 
showed  the  ssme  phenomena  as  the  dead  human  redna.  It  diflUsed  a 
gieenish-white  lig^t,  which,  examined  by  a  prism,  gives  a  speetnun  in  which 
the  red  is  wanting. 

The  vitreous  humour  in  a  thin  glass  vessel  showed  only  traces  of  fluo- 
rescence. The  lens,  on  the  contrary,  fluoresced  very  strongly :  the  colour  of 
the  dispersed  light  is  white-blue,  exactly  like  quinine ;  only  the  quinine  was 
a  little  stronger.  Examined  by  a  prism,  the  dispersed  light  gave  a  spectrum 
in  which  the  red  was  wanting,  and  in  which  the  blue  tone  predominated. 
The  fluorescence  begins,  as  in  quinine  solutions,  between  G  and  H,  and  is 
strongest  at  the  outer  edge  of  the  violet  rays,  and  extends  into  the  ultra- 
violet to  the  same  distance  in  the  case  of  the  lens  as  in  the  case  of  the 
nuininfi  solntiaia 
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.  When  the  cornea  was  cut  out,  it  fluoresced  ranch  feebler  than  the  lens ; 
tb0  aqneoiit  humour  did  not  fluoresce  at  all. 

The  appearwices  in  the  three  last  media,  he  says,  can  be  shown  with 
the  greitest  ease,  eren  in  the  eye  of  a  H^-ing  man.  When  the  ove  is  brought 
into  the  focus  of  the  ultra-Tiolet  rays,  immediately  the  con  i<  a  an  d  the  lens 
begin  to  glimmer  with  a  white-blue  li^bt.  The  cornea  in  the  living  eye  is 
much  more  strongly  fluorescent  than  when  dissected  out,  probably  from 
the  loss  of  transparent  consequent  on  contraction  of  the  texture  and  from 
evaporation. 

The  question  h<nv  and  why  our  eyes  perceive  the  ultra-violet  spectrum 
ia  still  undetermined.  The  fluorescence  of  the  len-  ^v(nlld  be  rather  a 
hindrance  than  a  help  ;  only  the  general  sensibility  to  the  light  which  the 
ultra-violet  rays  produce  in  our  eyes  can  be  explained  by  the  fluorescence 
of  the  media  lying  before  the  retina. 

Ill  1862,  '  Zeitschrift  fin  iiationelle  iSIedicin,'  3rd  series,  vol.  xiii.  p.  270, 
Piiuger,  by  mixing  fresh  ox-gall  with  concentrated  sulphuric  acid,  saw  a 
clear  dichrotic  solution  form.  It  had  a  deep  red  colour  by  transmitted 
light,  and  a  fiiautilul  erreen  colour  by  reflected  light.  This  was  seen 
verv  lioautitully  wiitu  dried  bile  was  put  into  sulphuric  acid  $  and  then  the 
dichruisia  increased  by  standing.  It  is  desirable  to  separate  the  cholea- 
terin  and  the  bile-fats. 

The  green  fluoreseence  appeared  when  only  blue  or  green  light  fell  on 
the  sulphurie-acid  solution  of  the  bile.  On  thecontraij,  it  did  not  appear 
when  the  light  was  only  yellow  or  red. 

The  fulphurio-add  solution  of  the  bile  absorbed  all  the  rays  of  the  spec- 
trum  except  the  yellow  and  the  red. 

In  the  f  Journal  furPkakt.Chem.'  vol.  xdi.  p.  167,  Sehfinhein  has  the  fol- 
lowing remarks  on  the  formation  of  a  fluorescing  substance  in  the  putiefte- 
tion  of  human  urine : — 

If  urine  is  left  to  stand-  in  the  aur  until  it  becomes  covered  on  the 
surface  with  a  thick  layer  of  fungus,  the-  alkaline  fluid  that  filters  from 
it  shows  a  -very  strong  fluorescence  of  a  greenish  colour.  Small  quanti- 
ties of  the  stronger  organic  or  inorganic  acids  take  away  this  fluorescence, 
which,  however,  by  alkalies  can  be  again  reproduced.  This  substance 
has  a  reaction  like  escnUoe,  and,  like  this,  is  the  opposite  to  quinine,  the 
fluorescence  of  which  is  increased  by  those  acids.  The  hydrobromic, 
hydriodic,  and  hydrochloiio  acids  lessen  the  fluoresoenee  of  the  solution  of 
quinine  almost  to  entire  removal.  Schonbein  also  remarked  that  fresh 
urine  had  a  feeble  fluorescence,  and  also  that  a  weak  solution  of  albumen, 
by  standing  long  in  the  air,  became  fluorescent  to  a  considerable  degree. 

This  was  the  state  of  our  knowledge  of  fluorescence  in  anim^l^j  when, 
having  traced  the  rate  nf  pas'^ni^f'  nf  chloride  of  litliiiim  nnd  other  iniDcral 
gubstnnces  into  nnd  out  ot'tlic  textures  by  means  ot  the  spectrum  analysis, 
we  cudt'iivoured  to  find  some  method  of  dctcnuiuine  the  rate  at  which 
organic  substances  passed  into  and  out  of  the  same  structures. 
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Among  all  tho  deHcifte  teits  for  different  orgftoic  Bobstance^,  the  flno- 
reecenee  of  sulphate  of  qniiune  appeared  likely  to  afford  good  resnlts ;  for 
the  foUowing  experiments  on  the  delicacy  of  tfau  test  for  sulphate  of  quinine 
show  that  this  method  of  tracing  sulphate  of  quinine  into  and  out  of  the 
body,  though  inferior  to  thespeetrum  determinations  of  litbitini«  was  supe- 
rior in  dehcacj  to  the  spectrum  determinations  of  many  other  substances. 

On  iht  BeUeaey  of  the  Fiuarueeni  Te§i  of  Sniphaie  of  Quinine  when  a 
BiuhmkoffeoU  wee  uaed  at  Me  eouree  of  light » 

One  grain  of  sulphate  of  qnimne  was  dissol?ed  in  five  ounces  of  acidified 
water,  and  this  was  again  and  agein  dfluted  until  one  grain  of  quinine-salt 
was  present  in  1,800,000  parte  of  water.  This,  when  examined  in  a  qnarte 
cell  by  the  induetion-spark»  showed  blue  fiuorescenee  distinctly  in  twenty 
grams  of  solution. 

Another  grain,  dissolTcd  in  a  litre  and  diluted  until  one  grain  of  salt  was 
present  in  1,440,000  parte  of  water,  when  addifted,  also  showed  the  fluo- 
rescence distinctly  in  twenty  grains  of  solution. 

The  same  quantity,  dissolved  in  one  litre  of  water,  was  diluted  to  512 
litres.  This  was  equal  to  one  part  in  7,200,000  parte  of  water;  as  the 

fluorescence  could  be  seen  in  twenty  grains  of  this  solutbn,  ^^^^  of  a 

grain  of  sulphate  of  quinine  gives  the  fluorescence. 

In  another  experiment,  ^-^^^^  of  sulphate  of  quinine,  in  fifty  minims  of 

water  acidified,  showed  the  fluorescence  strongly,  and  even  of  a 

grain  of  svilphatc  of  quinine  in  fifty  minims  of  water  showed  the  fluores- 
cence feebly.   As  the  fluorescence  could  be  seen  in  twenty  grains  of  this 

solntbn,  ~|g  of  a  grain  of  sulphate  of  quinine  gives  the  fluorescence. 

In  the  last  two  sete  of  experimento  the  light  of  a  bright  indnctton-spark 
was  concentrated  by  a  small  quartz  lens. 

One  grain  of  disolphate  of  quinine,  dissolved  in  256  litres  of  water  acidu- 
lated with  one-eighth  of  sulphuric  add  (1  to  8),  shows  fluorescence  feebly  in 
a  quarto  ceil  containing  twdve  grains  of  the  solution.  Hence  -^j^  grain 
gives  the  fluorescence  feebly. 

If  one  grain  of  disulphate  of  quinine  is  dissolved  in  a  thousand  litres,  or 
one  part  of  quinine  to  15,440,000  of  water,  the  fluorescence  is  still  percep- 
tible in  one  ounce  of  the  solution. 

Oh  the  JSxistence  of  an  extrnrlahle  I  'luoreseent  Substance  in  Animals 

and  Man. 

ImiiK  (liiitely  on  Lt  vin  ';  to  apply  this  reaction  to  test  the  different  tex- 
tures (if  L^uineapigs,  niu  r  ami  bctore  they  had  taken  quinine,  we  found  that 
in  litakli  no  part  of  any  of  the  tissues  of  the  guineapig  was  free  from  blue 
fluorescence.  It  became  desirable,  therefore,  to  separate  the  fluorescence 
produced  by  some  fluorescbg  substance  normally  present  in  the  tissues 
from  that  produced  after  quinine  was  given.  After  very  many  attempte 
to  extract  these  snbstanoes  separately  from  the  tissues,  and  many  more  to 
iicp^ato  them  when  they  were  oonjeintly  extracted,  all  of  whidh  proved 
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unsaeceMftil,  we  resorted  to  the  plan  of  determining  the  amount  of  natvral 
flnoreieence  hy  compemg  it  with  atandard  solationa  of  sulphate  of  quinine ; 
and  by  the  same  meena  we  measured  the  increase  that  occurred  in  the 
amount  of  flaorescenee  ftom  the  same  organs  after  quinine  had  been  taken. 

The  foUowmg  plan  was  adopted  for  the  extraction  of  the  flaoieaeent  sah- 
stanoe  from  the  testitres»  both  before  and  after  quinine  was  taken. 

Ihe  part  to  be  examined  was  treated  on  a  water-bath  with  very  dilute 
aulphnrie  acid«  either  directly  or  after  prenous  drying  in  a  water-oTen. 
This  extradion  was  repeated  again  and  again.  The  acid  extracts  were 
mixed,  filtered  after  eoolmg,  neutralized  with  caustic  soda,  and  repeatedly 
shaken  up  with  their  own  bnlk  of  ether.  The  residue  left  afler  erapora- 
tion  of  the  ether  was  taken  np  by  dilute  sulphuric  acid,  filtered*  and 
tested  for  the  amount  of  finorescence  after  haTing  been  made  up  to  a  cer- 
tain bulk,  generally  twenty*five  minims. 

'When  a  large  quantity  of  material,  as  two  or  three  pounds  of  liver,  was 
employed,  the  acid  extract  was  a  second  time  neutralised  and  treated  with 
ether;  the  residue  from  the  second  ethereal  solution  was  then  taken  up 
with  dilute  sulphuric  acid  and  tested. 

In  very  dilute  solutions  the  fluorescence  of  the  animal  suhstsnce  cannot 
be  distinguished  from  that  produced  by  quinine  ;  if  the  solution  is  more 
concentrated,  the  fluorescence  of  the  animal  substance  is  confined  much 
more  to  the  surface,  the  fluorescence  in  a  solution  of  quinme  passing  much 
further  into  the  liquid ;  and  in  still  more  concentrated  solutions,  the  oobur 
of  the  light  given  out  is  of  a  decidedly  greenish  hue.  The  fluorescence 
also  of  the  animal  substance  begins  to  appear  somewhat  nearer  to  the  red 
end  of  the  spectrum  than  is  the  case  with  quinine ;  but  both  extend  to  the 
same  distance  beyond  the  violet  end. 

From  two  to  three  pounds  of  liver,  only  about  fifty  minims'of  a  solution 
was  obteined  showing  a  fluorescence  equal  to  that  produced  by  two  or 
three  grains  of  quinine  to  the  litre  of  water;  and  when  slightly  acidified, 
the  following  reactions  were  obtained  with  the  solution.  It  gives  a  preci- 
pitate with  solution  of  iodine,  with  a  solution  of  iodide  of  mercury  in  iodide 
of  potassium,  and  also  with  phosphomolybdic  acid,  bichloride  of  platinum, 
and  terchlonde  of  gold :  this  last  precipitate  is  soluble  in  alcohol,  like  that 
produced  in  solutions  of  quinine. 

A  weak  solution  of  quinine  interposed  in  a  quartz  cell  before  the  solu- 
tion of  the  natural  fluorescing  substance,  did  not  stop  the  fluorescence  of 
this  latter  substance  entirely ;  but  when  the  solution  of  animal  substanoe 
was  placed  before  the  solution  of  quinine,  no  fluorescence  whatever  could 
he  perceived  in  the  quinine.  Ether  is  unable  to  extract  the  animal  tub- 
atanee  from  an  acid  solution ;  the  acid  solution  may  be  shaken  up  several 
times  with  ether ;  but  the  ethereal  solution  on  evaporatton yields  a  residue 
which,  when  taken  up  by  dilute  sulphuric  acid,  gtves  no  blue  fluorescence 
whatever. 

The  fluorescence  of  this  animal  substance  is  much  less  strong  in  hydro- 
chloric add  atdutions  by  the  light  of  the  ooil-q»ark»  anditiaaknoit  dcitioyed 


Digitized  by 


1866.] 


retembling  Qmmuef  m  Animals,  ^c. 


79 


by  alkalies.   The  snbstaaoe  does  not  lose  its  ilaorescence  \?hen  treated 
with  dilate  sulphuric  add  on  a  walcr-bath,  nor  even  on  the  additioa  of  a 
dilute  solntion  of  permanganate  of  potash.   In  an  alkaline  solution  with  ' 
j[>ermanganats  of  potash  it  is  immediateljr  destroyed.   Quinine  behaves  in 
n  precisely  similar  way* 

Parts  of  the  brain,  kidney,  liver,  and  heart,  and  the  crystalline  kns  of  a 
hiiman  sabject  dead  for  many  hoars,  were  boiled  with  dilute  snlphorie  acid, 
neutralised  with  carbonate  of  soda,  and  extracted  with  ether.  The  ethereal 
TCsidue,  dissolved  m  dilute  sulphuric  add,  was  examined  by  the  spark  of 
the  Bohmkorf  coil  for  fluorescence.  From  every  part  the  extract  fluoresced 
distinctly  but  veiy  feebly.  The  flnorescence  closely  resembled  that  caused 
by  a  Tciy  weak  solution  of  qninine. 

The  lenses  horn  sheep'a»  bulbcks',  pikes',  eagles*  eyes,  gave  a  dtstmctly 
fluorescent  substance,  and  the  extract  from  the  sheep's  liver  fluoresced 
very  strongly.  Cod-liver  oil  also  fluoresced  veiy  distinctly.  The  so-called 
pills  of  cod-liver  oil  gave  no  fluorescence. 

The  fluorescent  substance  could  be  extracted  by  treating  the  finely 
divided  substance  with  alcohol,  and  the  residue  of  the  alcohol  solution  by 
ether,  and  finally  dissolving  the  ethereal  residue  in  water  addulated  with 
sulphuric  acid. 

It  follows  from  these  experiments  that  there  exists  in  the  body  of  man 
and  aniuials,  fishes,  and  birds  a  substance  which  can  be  extracted  from  any 
of  the  tissues  by  the  same  process  as  quinine  when  present  can  be  extncted* 
This  substance  has  the  same  reactions  with  chemical  agents  as  quinine  has, 
and  the  action  of  light  upon  this  substance  is  aUnost,  although  not  alto- 
gether, identical  with  its  action  on  quinine. 

This  substance  is  visible  in  the  lens  of  tlic  human  eye  during  life.  It  is, 
from  its  mode  of  sc'|)arHtion  and  rcuctioos,  an  alkaloid  bearing  a  close  re- 
semblance  in  its  properties  to  quinine. 

For  the  j) resent  we  shall  call  this  animal  quinoidine.  It  is  the  cause  of 
the  blue  iluorescence  of  weak  acid  extracts  from  any  of  the  tissues  of  the 
body  of  men  and  animals.  \\  hen  concentrated,  the  fluorescent  Bubstaace 
is  bluish  green. 

On  the  FluortteetU  Substance  produced  by  treating  BUe  vfith  strung  Snl" 

phuric  Acid. 

"Wc  were  unable  to  insulate  and  extract  the  substance  \v}ii(  h  enures  the 
green  fluoresccnre  in  bile  when  it  is  treated  with  strong  sulphuric  acid  ;  nor 
could  we  separate  that  which  forms  in  white  of  egg  when  a  solution  in 
water  is  exposed  to  the  air. 

The  bile  dissolved  in  strong  sulphuric  acid  was  transparent  by  trans- 
mitted light,  and  a])peared  as  a  brownish-yellow  solution  \  by  reflected 
light,  even  with  the  ordinary  gaslight,  it  showed  a  strong  green  fluorescence, 
in  much  larger  quantity  than,  and  entirely  different  in  appearance  from,  the 
blue  fluorescent  substance  of  the  liver.  Thus  it  was  destroyed  by  diluting 
the  acid  with  water,  but  returned  on  the  addition  of  a  larger  quantity  of 
strong  sulphuric  acid. 
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The  solution  of  egg^albamcD,  exposed  to  the  air,  giftdmlly  after  aome 
days  showed  a  strong  green  fluorescence,  which,  like  eaeulme,  disappeared 
on  the  addition  of  an  add,  but  was  not  destroyed  hy  alkalies.  The  fluo- 
leeoenee  gradually  disappeared  when  the  albumen  began  to  pntrsfy. 

Part  II. 

On  the  Inereau    Fluoreteence  in  the  Texturet    AmmaU  and  Man  ftfter 

Qtftm'fie  had  been  taken. 

Having  proved  that  in  all  the  different  textures  of  an  animal  a  natural 
alkaloid  flnoresoent  substance  was  present  when  no  quinine  had  been  taken, 
and  as  no  means  could  be  found  for  separating  the  natural  fluorescent 
substance  from  the  quinine  when  it  passed  into  the  textures,  it  became 
necessary  to  make  our  analyses  quantitative  instead  of  qualitative. 

For  this  purpose  it  was  necessary  to  determine,  hy  means  of  standard 
solutions  of  quinine,  what  was  the  greatest  amount  of  naturally  fluorescent 
substance  that  usually  occurred  and  could  be  extracted  from  the  tissues. 
Deducting  this  from  the  amount  of  fluorescence  that  oonld  be  extraeted 
after  quinine  was  given,  we  were  enabled  to  measure  the  rapidity  of  paa> 
sage  of  the  quinine  into  or  out  of  the  tissues,  the  animals  being  destroyed 
at  different  periods  after  diflerent  quantities  of  sulphate  of  quinine  had 
been  taken. 

So  also  by  determining  the  amount  of  natural  floorescent  substance  in  the 
textures,  lenses,  and  urine  of  man  before  quinine  was  taken,  and  dedneting 
this  from  the  amount  obtained  after  quinine  was  taken,  we  were  enabled 
to  show  that  qumine  does  pass  into  the  textares  and  lenses,  and  how 
quickly  it  appeared  in  the  urine  and  reached  its  maximum  and  began  to 
disappear  and  entirely  vanished. 

JVrsf.  Examinations  of  different  textures  of  guineapigs  when  no  quinine 
was  taken,  and  comparison  of  the  amount  of  natural  fluoreseent  substance 
with  standard  solutions  of  sulphate  of  quinine.  The  amount  of  the  dif- 
ferent parts  examined  was  as  nearly  as  possible  always  the  same : — 

1 .  A  gnineapig  that  had  taken  no  quinine  was  killed ;  the  extract  of  the 
brain  and  nerves  only  was  measured.  The  fluorescence  of  the  nerves  was 
rery  foeble,  and  about  equal  to  one-twentieth  of  a  grain  of  sulphate  of 
quinine  in  a  litre  of  water.  The  extract  of  the  brab  was  exceedingly  feeble, 
and  it  waa  less  than  one-thirtieth  of  a  grain  of  solphateof  quinine  in  a  litre 
of  water. 

2.  In  another  gnineapig  the  lenses  and  the  nerves  were  dried,  and  boUed 
three  times  with  dilute  sulphuric  acid.  The  acid  solution  was  rendered 
alkaline  by  caustic  potass,  and  it  was  then  shaken  up  with  ether  three 
times.  The  ethereal  solution  waa  evaporated,  and  the  residue  dissolved  in 
dilute  sulphuric  acid.  The  acid  solution  was  made  up  to  twenty*five 
minims.  The  solutions  of  the  lenses  and  of  the  nerves  showed  some 
fluorescence. 

These  add  solutions  were  now  again  rendered  alkaline  and  were  shaken 
up  with  ether,  and  the  ethereal  solution  waa  evaporated  and  the  rssidna 
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dissolved  in  acetic  acid,  and  the  excess  of  the  acid  evaporated  in  a  water- 
bath  ;  the  residue  was  dissolved  in  a  little  water,  and  the  solutions  were 
divided  into  two  parti*.  The  half  of  the  solution  from  the  lenses  and 
nenres,  when  tested  with  a  soUition  of  iodine  and  a  solution  of  iodide  of 
mercary,  remained  perfectly  clear.  The  hile,  braiu,  and  liver,  tested  in 
the  same  way,  gave  uo  precipitates  with  these  rcageatsi,  although  thej  also 
gave  slight  tiuorescence. 

The  different  parts  of  this  pig  were  compared  with  the  corresponding 
[)rirts  of  two  other  pigs,  one  of  which  took  sixteen  grains  of  sulphate  of 
quinine  in  nine  doses  in  four  days,  and  the  other  twentj-six  grains  in 
fourteen  doses  m  six  days. 

3.  Another  guiueapi^  had  the  different  organs  treated  in  exactly  the 
same  way ;  the  liver,  lenses,  kidneys,  urine,  blood,  brain,  nerves,  and 
muscle  ga^  e  a  fluorescence  which  varied  from  about  one-twentieth  to  one- 
thirty-second  part  of  a  grain  of  quinine  m  a  litre  of  water.  This  pig  was 
bought  At  the  same  time  and  place,  and  fed  in  the  same  way  as  two  other 
pigs  (18  and  23),  that  ifere  given  six  grains  of  sulphate  of  quinine  in  three 
doses  with  twenty  nuBntes*  interraL  One  pig  was  lolled  between  fiye  and 
six  hoars  after  the  quinine^  and  the  other  in  twenty-four  hours. 

4.  Another  pig  wss  alto  treated  m  the  same  way,  for  oomparisoh  with 
three  other  pigs  whieh  took  five  grains  of  qninine,  and  were  killed  four 
hoots,  eight  honrsi  and  thirty-two  hours  afterwards.  The  lenses,  hunonrs, 
brain,  blood,  nenrei^  and  mnsde  gave  a  Unoresoence  varying  from  on^ 
twen^-fifth  to  one-fiftieth  of  a  grain  of  quinine  in  a  litre  of  water. 

5.  Another  pig  had  taken  no  quinine.  The  brain  gave  a  flaoresoence 
equal  to  one«>thirtieth  of  a  grain  of  quinine,  and  the  nerves  fluoresced  equal 
to  one-twentieth  of  a  gram  of  quinine. 

6»  Another  guineapig  had  equal  quantities  of  the  liver,  bile^  kidney, 
nrine,  brain,  lenses^  humours,  nerves,  blood,  and  muscle  treated  in  the 
same  way.  The  fluoresoenoe  obtained  from  the  liver  was  from  one-thirty- 
seeond  to  one^sizteenth  part  of  a  grain  of  quinine.  The  fluorescence 
of  all  other  parts  was  less  than  one-thirty*8econd  part  of  a  grain  of  quinine. 
The  fluorescence  of  the  humours  was  least  of  all. 

7.  Another  guineapig  was  given  no  quinine.  Equsl  quantities  of  dry 
liver,  blood,  bile,  kidney,  brain,  nerves,  lenses,  muscle,  and  humours  were 
taken.  Of  the  bile  and  humours,  which  were  taken  entire,  rather  less  than 
half  a  grain,  of  the  other  parts  half  a  grain  was  used ;  the  liver  fluoresced 
equal  to  one-sixteenth  of  a  grain  of  quinine.  The  bile,  blood,  kidney,  brain, 
nerves*  lens,  and  muscle  showed  somewhat  less  than  one-sixty-fourth  part  of 
a  grain  to  a  Utre  ;  the  humours  of  the  eye  rather  more  than  one-sixty- 
fourth  part. 

8.  Another  pig,  bought  at  the  same  lime  and  place  as  17,  was  given 
no  quinine  :  and  the  flaorcsrence  nf  every  part  was  less  than  one-sixtv- 
fourth  of  a  grain  of  c|iimiuc  m  a  litre  of  water.  The  fluorescence  of  each 
solution  was  rendered  still  less  by  the  addition  of  common  salt. 
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Secondly.  On  the  increase  of  fluorescence  that  was  observed  when  dif- 
ferent quantities  of  sulphate  of  quiniiie  were  giveu  to  animals  at  diflcrcat 
periods  heforc  they  were  killed  : — 

9.  A  guincapig  was  given  sixteen  grains  of  suljtlmte  of  quinine,  in  nine 
doses,  in  the  course  of  fuur  days.  It  wtis  found  (len«1  more  than  twelve 
hours  after  the  last  dose.  Its  fluorescence  was  conipartd  with  pig  2, 
which  h  i  l  taken  no  quinine  ;  the  lenses  and  the  nerves,  treated  the  same 
wav,  showed  much  more  fluoresfLiu  l'  lu  llic  pig  that  had  taken  quinine 
than  ill  the  other  which  had  had  no  quinine.  The  solutions  of  the  lenses 
and  the  nerves  also  gave  a  distinct  precipitate,  which  was  leik>t  in  the  solu- 
tion of  [he  lenses  with  solutions  of  iodine  and  of  iudidc  of  mercury  ;  whdst 
the  solutions  uf  the  lenses  and  the  nerves  of  the  pig  that  had  taken  no 
quinine  remained  clear.  Thi  bile  and  the  brain  fluoresced  brightly.  The 
solution  of  the  liver,  when  diluted  even  to  one  hundred  minims,  fluoresced 
distinctly  in  daylight,  and  very  strongly  in  the  light  of  the  spark.  TJic 
brain  sohit  ion  gave  a  distinct  prcci])itate  with  iodine  and  iodide  of  mercury. 
The  hde  cave  a  very  faint  turbidity.  The  liver  gave  an  abundant  preci- 
pitate, and  moreover  gave  llerapath's  test  for  quinine  very  distinctly. 

10.  Another  pig  took  twenty-six  grains  of  quinine,  in  fourteen  doses, 
during  six  days.  It  was  killed  nineteen  hours  after  the  last  dose,  being  ap- 
parently partially  paralyzed.  The  solutions  of  the  different  organs  were 
prepared  in  the  same  way  as  9  and  2,  and  they  were  examined  at  the  same 
time.  The  lenses  showed  the  fluorescence  very  strongly  when  a  cone  of 
sunlight  was  thrown  into  them  with  a  quartz  lens.  The  humours  showed  no 
fluorescence  at  all  in  this  manner.  The  solations  of  the  bile,  brain,  urine, 
nerves,  lenses,  spinal  marrow,  liver,  gave  more  or  less  distinct  fluores- 
cence. The  solution  of  the  brain  gave  no  precipitate  with  iodine  or 
iodide  of  mefcury ;  nor  did  the  bile  giro  a  precipitate,  but  the  liver  gave 
a  slight  precipitate  with  both  reagents. 

Having  thus  satisfied  ourselves  that  quinine  does  pass  into  the  vascular 
and  non*Tascular  tissues,  we  proceeded  to  determine  how  quickly  four,  five, 
or  six  grains  of  sulphate  of  quinine  given  to  guineapigs  could  be  detected 
in  the  different  textures  of  their  bodies. 

11.  A  goineapig  was  pren  four  grains  of  sulphate  of  quinine,  and  it  was 
lolled  in  one  ifonrter  61  an  hoar;  all  the  extracts  from  the  different  parts 
of  the  body  were  mtied  with  one-aig^tibi  of  their  bulk  of  dilute  sulphuric 
acid,  and  were  made  up  to  twenty-fife  minims.  The  amount  of  finoresoenoe 
was  compared  with  the  fluorescence  obtained  in  pig  6,  and  with  standard 
solutioDB  of  sulphate  of  quinine  with  one-eighth  <^  dihite  sulphurie  acid, 
containing  one  grain,  three-quarters,  hiUf,  one-eighth,  one-sixteenth,  and 
one-thirty-second  of  a  grain  of  sulphate  of  quinine.  The  solutions  of  the 
extracts  of  pigs  19,  22,  25,  and  26,  which  had  taken  four  grains  of  sulphate 
of  quinine  and  were  killed  rix  hours,  twenty-four  hours,  forty-eight  hours, 
and  sevenCy-two  honn  after  the  quinine  was  taken,  were  examined  at  the 
aametime. 
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The  xanat  taoA  the  blood  gaTO  a  ilaofcicenoe  equal  to  half  a  grain  of 
quiniiie  to  a  litre  of  water ;  the  extract  of  the  kidney  and  the  liver  gave  a 
flnoresoenee  eqnal  to  three-fonrths  of  a  grain  of  qnioine ;  the  extract  of  the 
imiacle  gave  a  flooresoence  between  half  a  grain  and  one^fonrth  of  a  grain. 
The  extract  of  the  bile  and  the  brain  gave  a  flnoresoenoe  nearly  equal  to  • 
one-eighth  of  a  grain  of  qninine  to  a  litre.  The  nerves  gave  rather  more 
llaoreaoence  than  one-axteenth  of  a  grain  of  qninine,  and  the  lenaea  gave 
between  one-aizteenth  and  one-thirty-aecond  of  a  gram. 

Comparing  theae  nnmbera  with  pig  6,  in  which  the  flnoieaeence  of  the 
Itver  was  greatest,  amonnting  to  from  one-f hirty-second  to  one-sixteenth  of 
a  grain  of  qninine  to  a  litre  of  water,  whilat  in  all  other  parts,  nrine,  blood, 
Iddney,  mnsde,  bile,  brain,  nerves,  and  lenses,  the  natural  flnorescenoe 
was  less  than  one-thirty-second  of  a  grain,  it  is  evident  that  in  a  quarter  of 
an  honr  snlphate  of  quinine  passes  into  all  the  vascular  and  non-vascular 
atructures  of  the  body. 

12.  Another  guineapig  was  given  foot  grains  of  sulphate  of  quinine,  and 
it  was  killed  in  half  an  hour ;  tlie  nerves  and  brain  were  compared  with  pig 
1,  which  had  taken  no  quinine.  The  extract  of  the  liver  and  kidneys  gave 
a  fluorescence  equal  to  two-fiflbs  of  a  grain  of  sulphate  of  quinine  in  a 
litre ;  the  blood,  the  bile,  and  the  muscle  gave  a  fluorescence  equal  to  one- 
fifth  ;  the  urine  gave  a  fluorescence  between  one-fifth  and  one-tenth  ;  the 
brain  between  one-tenth  and  one-twentieth ;  the  humours  of  the  eye  fluo- 
resced feebly,  but  a  little  moff  than  the  lenses,  about  one-twentieth ;  the 
lenses  and  the  nerves  less  than  one-twentieth  of  a  grain  of  quinine. 

1 3.  Another  guineapig  took  four  grains  of  sulphate  of  quinine,  and  was 
killed  one  hour  afterwards.  The  blood,  the  kidney,  and  the  urine  gave  a 
flnnrpscence  eqnnl  to,  or  rather  more  tlian,  one-tifth  of  a  grain  of  qnitiine 
to  a  litre  ;  the  liver  fluoresced  equal  to  between  one-fifth  aud  two-titths 
of  a  grain  of  quinine  ;  the  bile  and  fVie  muscles  gave  a  Huorescence  equal 
to  one-twentieth  of  a  grain  of  (iiiiniiie ;  the  brain  fluoresced  between  one- 
twentieth  and  one-thirtieth  ;  thr  hiunours  lluoresced  rather  more  than  the 
lenses;  and  the  nerves  gave  tlie  slightest  fluorescence. 

14.  Another  cuineapig  was  given  lour  grains  of  sulphate  of  quinine  ;  after 
three  huura  it  was  killed.  It  had  been  strongly  affected,  and  the  brniii  was 
much  congested.  The  liver,  kidney,  blood,  nriue,  bile,  brnin,  and  muscle 
gave  very  strong  lUioruscence,  eqnal  to  between  one  and  two  grains  of  qui- 
nme  in  a  litre  of  water ;  the  nerves  gave  a  fluorescence  equal  to  one-six- 
teenth of  a  grnin  of  quinine;  the  humours  gave  a  fluorescence  between 
one-sixteenth  and  one-thirty-second  pari  of  a  grain;  tlie  lenses  less  than 
one-thirty-second  part  of  a  grain  of  quinine  to  a  litre  of  waur. 

15.  Another  guineapig  was  given  four  grams  of  sulphate  of  quinine;  after 
three  hours  it  was  kilK  tl  Of  every  part  half  of  the  dry  substance  was  taken, 
except  the  aqueous  huuiuar,  bile,  and  urine,  of  which  the  whole  was  taken  ; 
but  when  dry  each  of  these  wai  less  than  half  a  grain.  Half  the  muscle 
gave  a  iluore^ccuce  equal  nearly  to  one-sixteeoth  of  a  gndn  of  qninine  in  a 
litre  ;  half  the  brain  fluoresced  a  little  more  than  ODO-thirly-aecond ; 
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half  tbe  kidney  one-eighth  to  one-fourth  of  a  grain ;  all  the  urine  one- 
eighth  ;  half  the  blood  fluoresced  one-sixty-fourth  to  one-t)iirty-secoud ; 
half  the  liver  a  little  more  than  one-sixteenth ;  all  the  bile  a  little  less 
than  one-fourth  ;  half  the  lenses  a  little  less  than  one-sixty-fourth  ;  all 
the  humours  a  little  more  than  one-sixteeuth ;  half  the  nerves  one-sixty- 
fourth  to  one-thirty-second  of  a  grain  of  quinine  to  a  litre  of  water. 

16.  Another  guineapigwas  killed  four  hours  after  five  grains  of  sulphate 
of  quinine,  in  two  doses,  with  half  an  bour*s  interval.  The  fluorescence  of 
the  different  extracts  of  the  tissues  was  compared  with  that  of  pig  4,  that 
had  taken  no  quinine,  and  with  pigs  2 1  and  24,  that  were  killed  after 
taking  a  dose  of  five  grains  eight  and  thirty-two  hours  previously.  The 
liver,  the  kidney,  the  brain,  and  the  muscle  gave  a  fluorescence  about  equal 
to  one  grain  of  quinine  in  a  litre  of  water ;  the  blood  rather  less ;  the  nerves 
rather  more  than  the  blood ;  the  lenses  and  the  humours  less  than  the 
blood. 

17.  Another  pig  was  killed  four  hours  and  a  half  after  four  grains  of 
quinine.  The  whole  of  each  organ  was  taken  ;  the  muscle  gave  a  fluores- 
cence equalling  from  one-half  to  one  grain  of  quinine  to  a  litre  of  water ;  the 
brain  one-sixteenth  to  onc-cighth  of  a  grain  ;  the  kidney  fluoresced  nearly 
equal  to  one  grain  ;  the  urine  rather  more  thnn  one  grain  ;  the  blood  one- 
eighth  to  one-fourth  ;  the  liver  nearly  one  ;  the  bile  a  little  more  than  one- 
eighth  ;  the  lenses,  humours,  and  ucn-es  fluoresced  less  than  oue-suLtj- 
fourth  of  a  grain  of  quinine  to  a  litre  of  water. 

This  pig  was  compared  with  one  which  was  given  no  quinine. 

18.  Another  pig  was  killed  five  hours  and  a  half  after  six  grains  of  sul- 
phate of  quinine,  given  in  three  doses,  with  twenty  minutes*  interval.  It 
was  very  much  affected.  The  extract  of  its  tissues  was  compared  with 
pig  3,  which  had  taken  no  quinine  ;  the  liver,  kidney,  and  muscle  fluoresced 
very  strongly  ;  the  brain  fluoresced  strongly  ;  the  blood  fluoresced  between 
one-fifth  and  two-fifths  of  a  grain  to  a  litre  of  water ;  the  nerves  and  the 
lenses  fluoresced  much  less. 

19.  Another  pig  was  killed  six  hours  after  four  grains  of  sulphate  of 
quinine.  The  liver  and  kidney  fluoresced  equal  to  from  one-half  to  one- 
fourth  of  a  grain  of  sulphate  of  quinine  to  a  litre  of  water;  the  urine  from 
one-eighth  to  one-quarter ;  the  hlood  fluoresced  about  one-eighth,  the 
muscle  a  little  ninrc  ;  the  braiu  and  the  humours  of  the  eye  about  one-six- 
teenth of  a  grain  ot  c|uinine  ;  the  lenses  between  one-sixteenth  and  one- 
thirty-second,  aud  the  nerves  rather  less  thnn  one-thirty-second  pan  uf  a 
grain  of  quinine  i  the  fluorescence  was  compared  with  pig  6,  that  had  taken 
no  quinine. 

20.  Another  pig  was  killed  six  hours  after  tour  grains  of  sulphate  of 
quinine.  The  liver  gave  a  fluorescence  equal  to  between  one  and  two  grains 
of  sulphate  of  qtiinine  ;  the  kidney  and  the  urine  gave  a  fluorp'-rciice 
equal  to  oue  grain  of  (juininc  ;  the  blood  fluoresced  between  one  gram  aud 
half  a  grain  ;  the  bile  equalled  three-quarters  of  a  grain  ;  the  muscles  aud 
the  brain  one-quarter  of  a  grain  i  the  uenrea  one-sij(teenth  of  a  grain  i  the 
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hnmoiin  mtto  mofa  than  oocibif  tyoieeottd  of  a  grain ;  and  tlie  Icnaei  be- 
twMn  <nie-tlurt]r*aeoond  and  one-suity-fonfth  of  a  grain  to  a  litre  of  water* 

21.  Another  goincapig  was  kiUed  in  eight  hours  after  taldng  fiYegvaina 
of  aolphale  of  quinine,  in  two  doiei,  with  half  an  hour^sinterral.  The  ex- 
tiaet  of  ita  ttaauee  waa  ooaspared  with  pig  8,  which  had  taken  no  qninin^  and 
with  pig  16  and  pig  24,  which  were  killed  four  boon  and  thirty-two  honii 
after  taldng  fife  gmina  of  quinine ;  the  floowacence  of  the  lirer  waa  Teiy 
■troDg ;  the  muaclea,  the  brain*  and  the  kidneya  ahowed  the  flnoreacence 
Teij  distinctly ;  the  fluorescence  of  the  urine  equalled  from  two-flftlis  to 
three-fifths  of  a  grain  of  quinine  ;  the  bile  was  not  more  than  one-twentieth 
of  a  grain  of  quinine ;  the  blood  fluoresced  more  distinctly ;  the  lenses  and 
the  humours  not  so  much>  and  the  nerves  least  of  all. 

This  pig  waa  with  yonng  when  killed,  and  the  fluorescence  of  the  foetus 
was  distinct ;  the  fluoreseenoe  of  the  liquor  amnii  was  leas  than  that  of 
the  foetus. 

22.  Another  pig  was  killed  in  twenty-four  hours  after  taking  four  grains 
of  sulphate  of  quinine.  The  fluoreecence  of  its  textures  was  compared  with 
pig  6,  that  had  taken  no  quinine  ;  the  fluorescence  of  the  liver  and  kid- 
ney was  equal  to  half  a  grain  of  quinine ;  the  hlood  arul  bile  fluoresced 
equal  to  one-eighth  of  a  grain ;  the  urine  between  one-eighth  and  one-six- 
teenth ;  the  muscle  the  same  ;  the  brain  and  the  humours  ratlier  less  than 
nne-'^ixtoenth  of  a  ;;rain  ;  the  leiu^es  and  the  nerres  about  oue-thirty-sccond 
of  a  grain  of  (piinine  to  a  litre  of  water. 

23.  Aoothi  r  jiii;  waa  killed  twenty-four  hours  after  taking  six  grains  of 
quinine,  in  three  doses,  with  20  minutes'  interval.  The  fluorescence  was 
compared  with  j)ig  .3,  which  ha  l  taken  no  (juinine  ;  the  liver  showed  the 
most^fluorescencc  ;  the  muscles,  the  kidney,  and  the  brain  wvrv  next ;  the 
nerves  and  blood  equalled  about  one-tenth  of  a  grain  of  (^uiuinc^  and  the 
lenses  fluoresced  least  of  all. 

24.  Another  pig  was  killed  thirty-two  hours  after  taking  five  grains  of 
sulphate  of  quinine.  The  fluorcicence  was  compared  with  j)ig  4,  which  had 
taken  no  quinine  ;  the  liver  fluoresced  scarcely  more  than  that  of  the  pi^ 
that  had  taken  no  quiuiiiu,  abuut  oiie-twenty-fifth  of  a  grain  to  a  litre  of 
water ;  the  kidney  fluoresced  a  little  more  than  that  of  the  pig  without 
quinine  ;  the  fluorescence  of  the  urine  was  scarcely  perceptible,  less  than 
one-fiftieth  of  a  grain  of  quinine ;  the  muscles  a  little  less  than  the  pig 
without  quinine ;  the  blood,  the  nerves,  the  brain  fluoresced  Tery  slightly; 
the  lens  and  the  humours  more  than  any  other  part. 

25.  Another  pig  waa  killed  forty-eight  houra  after  fonr  graina  of  auL 
phate  of  quinine.  The  fiaorescence  waa  compared  with  pig  6,  which  had 
taken  no  quinine;  the  extract  of  the  liyer  and  of  the  blood  had  a  iluo> 
rescence  equal  to  one-sixteenth  of  a  grain  of  quinine  in  a  litre  of  water; 
the  bile>  the  kidney»  the  uiine,  the  brain,  the  lenses,  the  humours,  the 
nenrea,  and  the  mnsdes  had  each  a  fluoreseence  less  than  one-thirty-second 
paft  of  a  grain  of  quinine* 
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26.  Another  pig  vis  IdUed  amnty-two  hoars  after  four  gndni  of  eol- 
phaie  of  qninuie.  The  flaoretoenoe  wn  oompeied^alio  with  pig  6»  whidi 
had  taken  no  qmnme ;  the  extract  of  the  liver  and  of  the  Wain  had  a 
flaoreBcenoe  equal  to  one-atxteentfa  of  a  grain  of  lolphate  of  qninine ;  the 
lenies  had  a  iluofeacence  equal  to  one-thirtj-tecond  part  of  a  grain ;  the  bile^ 
kidney,  nnnc,  the  nerrea,  blood,  and  muscle  had  a  flnoreaoenoe  less  than  one- 
thirty-second  part  of  a  grain ;  and  the  humours  fluoresced  much  less  than 
one-thirtj-seeond  part  of  a  grain  of  sulphate  of  quinine  in  a  litre  of  water, 

I'iuoresceiice  without  quinine,  measured  by  the  number  of  grains  of 
c^uiume  in  100  litres  of  water  {170  pints}. 
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100  to  200 

3 

100 

6  to  12 

Nenres  . 

6 

5 

least 

6 

1-6  to  3 

1*6 

Musdes 

50  to  25 

20 

5 

100  to  200 

6*2 

100 

50  to  100 

Humours 

«  • 

5 

•  • 

6to3 

fi-2 

*  • 

1-6 

Iiiver  . . 

Lenses  . 
Kidney  . 
Urine. . 

Bile  

Blood  . . 
Bndn  • . 

Musdes 

Humours 


,  Pig  18. 
5^  houm. 


20  to  40 


Pig  10. 

0  hours. 
fi0to25 

6to3 
50  to  25 
25  to  12 

•  • 

12 
6 
3 

12 


Pig  21. 

Pig  22. 

Pig  23.  Pig  24. 

Pig  2.5. 

iPig  2G. 

6  hours. 

8  hours. 

24hr0. 

32hr». 

4dhr8. 

72  hrs. 

100  to  200 

■  • 

50 

4 

6 

6 

3  to  I 

•  • 

3 

»  • 

3 

3 

100 

.  . 

'  50 

*  • 

3 

3 

100 

4  to  6 

12  to  6 

2 

3 

3 

"5 

5 

12 

•  • 

3 

3 

iootor>o 

•  • 

12 

•  • 

6 

3 

25 

6 

3 

6 

4  « 

3 

3 

3 

25 

l2to6 

3 

3 

3 

«  • 

6 

•  • 

3 

least 
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Ynm  ikem  eiperimento  it  is  leeo  that  tbe  floorcfoeDt  labBkme  whidi 
cntts  nAtonUy  in  tha  tumm,  tt  tlie  rery  highest  resches  to  6  gndna  in 
100  likrfli  of  wttarj  and  naualljr  is  between  4  and  1|  grains  of  quinine 
diMolfad  in  Una  quantiCj  of  water. 

Vhen  qninine  haa  been  taken,  e?en  in  a  quarter  of  an  bonr  tbe  flno* 
lenenee  maj  become  equal  to  75  grains  of  qninine  in  100  litres  of,  water. 
It  IB  found  to  be  in  greatest  quantity  in  the  liyer  and  the  kidney,  and 
somewhat  less  in  the  blood,  urines  and  musdes;  stUl  less  in  the  bndn, 
nervei^  and  bile ;  and  the  mcrcase  is  ilighclj  perceptible  even  in  the  lenses. 
In  three  hones  the  maiimnm  effect  of  the  quinine  may  be  reached,  the 
inoreseenee  being  then  from  100  to  200  grains  of  quinine  in  100  litres  of 
water.  This  amount  was  found  in  the  Uver,  Iddnej,  urine,  bile,  blood, 
brain,  and  musdes.  The  increase  was  much  less  perceptible  in  the  oervee 
and  in  the  aqueous  humour,  and  waa  least  in  the  lenses. . 

In  six  hours  the  amount  of  fluorescence  was  rather  less  than  in  three 
hours  ;  in  twenty-four  hours  it  was  considerably  less  than  half  as  much  as 
in  three  hours  ;  in  forty-eight  hours  there  was  but  little  more  fluorescent 
substance  than  naturally  exists  in  the  textures,  except  in  the  liver  and  the 
blood ;  and  in  seventy-two  hours  there  was  no  inerease  except  in  the  liver. 
Henee^  in  guineapigs,  in  fifteen  minutes  the  quinine  has  passed  to  all  the 
Tsscolar  and  probably  to  the  extrarascular  textures.  In  three  hours  the 
amoimt  of  quinine  in  the  textures  may  be  at  the  maximum,  and  for  six 
hours  it  remains  in  excess ;  in  twenty-four  hours  the  quinine  is  much 
diminished,  and  in  forty- cigl it  hours  it  is  scarcely  perceptible  anywhere. 

In  order,  if  possible,  to  obtain  very  c!c^isivc  proof  that  quinine  pnsscd 
into  the  non-vaseular  texture  of  the  lens,  ^ve  gave  two  pigs  three  grnin.s  of 
sulphate  of  quinine,  and  half  an  hour  nfterwards  three  grains  more  ;  the 
animals  were  killed  fire  hours  after  the  tirst  dose.  One  lens  of  each  jii^ 
was  put  into  glycerine,  to  be  compared  with  the  lenses  of  two  otlur  pigs 
bouerht  at  the  same  time  and  place,  to  which  no  quinine  was  given.  In 
the  electric  light  there  was  no  apparent  difference,  cither  in  the  colour 
or  in  the  brightness  of  the  fluorescence,  between  the  pigs  that  had  taken 
quinine  and  those  tiiat  had  taken  none.  Kxnmined  by  the  spark  of  the 
coil,  the  fluorescence  of  all  four  lenses  was  less  than  one-sixty-fourtli  of  a 
grain  of  quinine  in  a  litre  of  water;  and  scarcely  any  diff'orcnce  was  per- 
ceptible, though  the  fluorescence  of  the  lenses  of  the  pigs  that  had  taken 
quinine  was  slightly  the  strongest.  In  all,  the  fluorescence  Wiis  rendered 
less  strong  by  the  addition  of  a  strong  solution  of  common  salt  to  the 
solution. 

Two  pigs  were  both  given  fiftecu  grains  of  sulphate  of  quinine  io  five 
doses  of  three  grains  each,  with  the  interval  of  one  hour  between  eachdoae. 
They  were  killed  one  hour  after  the  last  dose,  being,  however,  almost  dead 
from  the  effects  of  the  quinine.  One  lens  of  each  animal  was  examined  in 
the  usual  way.  The  fluoreflcence  in  both  was  equal  to  one-thirty*seeond 
of  a  gndn  of  quinine  in  a  litre  of  WBter*  or  three  grams  per  100  litres. 
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Professor  Dondera  has  carefolly  inratigpited  the  time  in  which  atrapitie 
and  Old  Calabar  bean  begin  and  cease  to  act  on  the  iris  in  num. 
A  eolation  of  atropine  dropped  npon  the  cornea  began  to  act  in  fifteen 

minatesi  and  attained  its  maximnm  in  from  twenty  to  twentj.fiTe  minutes. 
In  forty-two  hours  the  pnpil  was  rather  smaller;  and  even  after  thirteen  days 

the  pupil  had  not  returned  to  its  natural  size. 

The  solution  of  Calabar  beau  brpjan  to  act  in  from  five  to  ten  minutes. 
It  attained  its  maiimnm  in  from  thirty  to  forty  minntes.  At  the  end  of 
three  hours  it  began  to  diminish,  and  its  effect  disappeared  entirely  in  from 
two  to  four  days. 

After  continued  applications  of  belladonna  to  the  eye  of  a  rabbit»  it  was 
thoroughly  washed  by  a  full  current  of  water.   The  aqueous  humour  was 

then  evacuated  and  brought  into  oontact  for  a  long  time  with  the  eye  of  a 
dog  (De  Graefe  injected  the  aqueous  humour  into  the  anterior  diamber)  | 
then  a  notable  dilatation  of  the  pupil  was  observed.  As  one  part  in 
120,000  of  water  acts  very  energetically,  the  quantity  most  be  very  little 
that  produced  the  dilatation  of  the  pupil. 

When  belladonna  used  internally  produces  the  dilatation,  the  aqueous 
humour  v,  h\c\\  is  taken  from  the  anterior  chamber  is  inactive. 

Thirdly.  The  fluorescence  that  naturally  occurs  in  different  parts  of  the 
human  body  when  no  quinine  had  been  taken  before  death  was  determined, 
in  order  that  the  effect  of  quinine  on  the  fluoresoence  in  the  seme  perls 
might  be  cstiuiated  :  — 

The  different  parts  were  dried  in  a  water-bath,  aud  equal  quantities  of 
the  dried  substance  were  takeii,  amounting  to  0*6  grain,  that  being  the 
weight  of  the  dry  lens.  The  same  method  of  extraction  was  •followed. 
The  solution  was  in  all  cases  made  up  to  twenty-five  grains. 

Extract  from  per  100  litres. 

Cartilage  tluorcsccd  one  32nd  of  u  grain  ot  (|uiiiiue  to  a  litre  . .  =3*1 
Kervcs  liuorcsced  a  littlu  movi:  LLau  uuc  0  kh  of  a  gram  of 

quinine  to  a  liLiu   =l*(i 

Liver  tluoresced  a  little  more  than  one  64th  of  a  grain  of 

quinine  to  a  litre   =  1  6 

Kidney  fluoresced  a  little  more  than  one  64th  of  a  grain  of 

quinine  to  a  litre   =sl'6 

Lens  fluoresced  a  little  less  than  one  G  Itli  of  u  gi  uia  of  quinine 

to  a  litre     =sr6 

Lnngs  fluoresced  one  128th  to  one  64th  of  a  grain  of  (juiniue 

to  ahtre   =0'8  to  1*6 

Muscle  fluoresced  a  little  more  than  one  128th  of  a  grain  of 

quinine  to  a  Utrc  *  csO*8 

Spleen  lluoreiced  one  128th  of  a  grain  of  quinine  to  a  litre. .  =0*8 

In  another  patient,  who  died  after  a  snrgical  operation,  the  seme  qnan- 
tity  of  suhstsnee,  treated  in  exactly  the  same  way,  gave— > 
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Extract  fmn  per  100  litre* 

Cartilage  flnoreBced  a  little  less  thin  one  128th  of  a  grain  of 

quinina  to  a  litra  /  ,  sO'8 

Nema  fluoreioed  a  little  leaa  than  one  128di  of  a  grain  of 

quinine  to  a  litre  s0*8 

lirer  finomaced  ^  little  lew  than  one  64th  of  a  gram  of  qui- 

nine  to  a  litre  ;  

Kidncj  flnorefloed  a  little  lew  thwi  one  64th  of  a  grab  of 

qoiuine  to  a litM  ;  S5:l*6 

Luogf  flnoieaoed  one  128th  of  a  grain  of  qninine  to  a  litre. .  =0*8 
Muscle  iiooreaced  between  one  128th  and  one  64th  of  a  grain 

of  quinine  to  a  litre   =0*8  to  1*6 

Spleen  fluoresced  a  little  lew  than  one  i28th  of  a  grain  of 

quinine  to  a  litre  *,  ;  ,  =0*8 

Heart  fluoreeoed  one  128th  of  a  grain  of  qninine  to  a  litre  . .  ssO'8 

Wiien  a  much  lai^er  i^uaatity  of  each  organ  vviis  taken  (whether  from 
loss  or  destruction  of  substance  lu  the  process  of  preparation),  no  great 
niereaae  of  fluorescence  was  obtained. 

Thni^  of  the^dtfi^nt  parts  of  a  man  wiio  ilied  of  apoplexy,  six  grains 
were  taken  and  treated  as  in  the  previous  cases. 

Extract  from  pwlOOlitw^ 
Cartilage  flooreaoed.  one  128th  to  one  64th  of  a  grain  of  qui- 
nine to  a  litre  =0*8  to  1*6 

Nenrea  fluoresced  one  64th  of  a  grain  of  quinine  to  a  litre  . .  1  '6 
Liver  fludreaoed  one  64th  of  a  grain  of  quinine  to  a  litre. ...  ss  1*6 
Kidney  fluoresced  one  64th  to  one  32nd  of  a  grain  of  quinine 

to  a  litre   (sl'6  to;i-l 

Lungs  fluoresced  one  64th  of  a  grain  of  quinine  to  a  litre  . .  sal*6 
Mn^ole  fluoresced  a  little  IcM  than  One  64th  of  a  grain  of 

quii)itie  to  a  iitre.   Hil*6 

iSp](.  (  11  tfiioresced  one  64th  to  one  32nd  of  a  grain  of  quinine 

to  "  litre   «1'6  to3*l 

Heart  fluoresced  one  32nd  of  a  grain  of  quinine  to  a  litre  . .  =3*1 
Brain  fluoresced  one  G4th  to  one  32nd  of  a  grain  of  qoinme 

toali^e..   =l*6to31 

In  a  preciadj  ahnikr  way  the  different  parts  of  the  tissues  of  a  woman 
who  had<taken  small  doaes  of  quinine  up  to  twenty^our  hours  of  her  death, 
were  eiamined. 


The  tissues  weie  dried  m  a  water4Mith«  and  0*6  gram  of  the  dry  luh- 
atanoe  was  taken  for  examination^  

Extract  from  perlOOlitwt. 
Kidney  fluoresced  one  32ud  to  one  iGth  of  a  grain  of  quinine 

toaHtre   -_3.1  g.3 

.   •  4  n  * 

l2 
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Nems  fluortteed  a  little  more  than  one  64th  of  a  grain  of 

qninine  to  a  litre  a  1-6 

Li?er  flnoreseed  one  64tli  of  a  grain  of  quinine  to  a  litre. ...  a  1*6 
Muade  flnoreeeed  one  64th  of  a  gnin  of  qoinioe  to  a  litre  . .  casl'6 
Spleen  fluoresced  a  fittle  leei  than  one  32nd  of  a  grain  of  qui- 
nine to  a  litre  •  «s3*l 

Lnagi  flooresoed  one  128Ch  to  one  64th  of  a  grain  of  qninine 

to  a  litre  »0*8to  1-6 

Fourthly.  On  the  inereaee  of  iooretoent  enbitanee  in  tiie  hnmen  lens 
afUr  different  quantittet  of  eolphate  of  quinine  had  heen  teken  at  diiferent 
periods  before  the  operation  for  dtanct  (for  the  meens  of  moknig  these 
experiments  we  are  indebted  to  the  great  kindness  of  Mr.  Bowman) 

The  fluorescence  of  the  hnman  lens  without  eataraet  was  abont  eqnal  to 
one  64th  of  a  grain  of  quinine  in  a  litre  of  water ;  grg.  per  100  lltm. 

lliat  is,  natural  fluorescence  abont.  8l*6 

Sulphate  of  quinine  was  given  for  manj  days  previoni  to  the 
extraction  of  a  cataract.  After  the  operation  the  ilaovss- 
cenoe  was  Ibnnd  to  he  less  than  one  16th  and  more  than 

one  32nd  of  a  grain  of  qdmne  to  a  litre  of  water   ■■6*2  to  3*1 

In  fenr  patients,  aged  respectiyelj  75,  60,  60,  and  72 * 
the  lens  removed  1  hour  after  5  gndns  of  qomine^ihioresoenoe  ib1'6 

»         2  M  »«  -1« 

2|  „  „        -2*1  to  1*6 

l^^y.  On  the  rate  of  inerease  of  ilooreseent  snbstanee  In  the  nrine 
after  qnuune  was  taken,  or  on  the  rapidity  of  the  passage  of  quinine,  when 
taken  bj  the  stomach,  into  and  out  of  the  nrine  of  man 

A  healthy  man  breakfasted  at  8.30  a.m.  ;  at  12  he  emptied  the  bhidder, 
and  took  ftmr  gndns  of  snlphate  of  quinine  in  solution.  The  fluorescence 
of  the  nrine  at  diflSerent  periods  after  the  qninine  was  taken  was  examined 
by  rendering  it  alkaline  with  causde  potash  and  shaking  it  up  three  times 
with  its  own  bulk  of  ether.  Half  an  ounce  of  nrine  was  taken  for  each 
examination. 

Urine  passed  at  gr.  of  quinine,  w^ter. 

1 2  (just  before  taking  the  quinine),  fluorescenoe»xiT  to  ^  to  1  litre. 

12.10,  fluorescence  a  „ 

12.20       „   =  Atoi  „ 

12.30        „  =  ito|  „ 

1  M   =  |toJ 

2  M   i  tol  M 

^  .   -  ito  „ 

^  *   "   «"  \ 

21  hours  after  quinine,  fluorescence   «=-i^^,  httlc  less. 

n  n   '  ~    » I't^ic  more. 

w  n   about  xii  w 
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The  same  nma  breakfasted  at  8.30  A.M.;  at  12  took  four  grains  oi 
Bulphate  of  tiuiniue. 

Urine  passed  at  gr.  of  quinino.  water* 

1 2  (just  before  takiogthe  qiuiiiae)«  fldoreflcence  ^j^j  to     to  1  litre. 

1 2. 1 0,  flooreaoenoe   — lir  ^  A*  »» 

12.20       „   - 

12^       »  «  itoi  „ 

1  i  -  i 

2  M   SB       rather  more. 

3  M  «  ^  to  i  » 

4  »•   -  itoi 

8  jj   '•••••••.•■*.•  ■*  ^ 

24  hours  after  quiiiiue»  fluorescence  =  "ft^i  m 

72  M  M   •  scarcely  perceptible. 

The  same  man,  at  13  at  noon,  took  four  graina  of  sulphate  of  qniiiiiit* 
The  aame  quantity  of  uine  (half  an  oanoe)  was  taken  for  each  examination. 

XJrine  passed  at  gr.  of  quinine,  water. 

1 2 noon  (justbeforetakiiigthequiniue),fluorescence  =xiy  to  ^4  to  1  litre. 

1 2. 10,  fluorescence   =  „ 

12.20        „   =  I 

12.30        „   =  I 

1   =  i  to  1 

2  ta  =a  1 

3  i>   «    itol  „ 

4   «     Jtol  „ 

8  M   »    I  to  ^  „ 

24  honii  after  qdnine,  flaorescence  «       |-  $» 

48  «t  n   to  -jij  „ 

72  „  „    scarcely  perceptihle. 

Hence  in  from  ten  to  twenty  minutes  the  quinine  is  detectable  in  the  urine, 
and  in  from  two  to  three  hours  after  four  grains  have  been  tnken  it  is  in 
greatest  amount  in  the  urine  ;  and  even  in  three  or  four  hours  the  (ninntity 
in  the  urine  may  be  diminishing,  and  for  more  than  forty-eit;ht  hours  it 
will  cuutinue  to  ytuss  o§\  Before  seTentj-two  hours  are  passed  not  a  trace 
will  be  perceptible. 

A  boy  passed  urine  at  12,  and  immediately  took  four  grains  of  sulphate 
of  quinine.  The  fluorescence  was  observed  at  different  periods  after  the 
quinine  was  taken,  half  an  ounce  being  taken  for  each  determination. 

Urine  passed  at  gr.  of  qainuw.  water, 

12  (just  before  the  quinine),  fluorescence  not  perceptible. 

12.10,  fluorescence  below    -^ij  '^^  ^  hire, 

12.20.    A    to  „ 
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Urine  passed  at  '  gr.  of  quinine,  water. 

12.30,  fluorescence  below    \     to  1  litre, 

,1,    i  to  i- 

2,  „   ito  I 

3,  „   i  to  1 

4,  „  .  ..V. |tol 

8»  »   •   T 

48,  „    ^ 

72,  „    . .  scareelr  perceptible. 

The  same  boy  bicakfasted  at  8.30,  passed  urine  at  ]  2  noon,  and  i»nme- 
diately  took  ftiur  ccrams  of  sulphatr  of  quinine.  The  flnoresceocc  \s  tis  ob- 
served in  half  an  ounce  oi:  the  uhue  pwaed  at  di^ereut  periods  after  the 
qumine  was  taken. 

Urine  pasied  at                                       gr.  oCquinme.  wafeer* 
.12  (just  before  taking  the  qiunmeXfliioresceiioe  yj^,  little  more,  to  1  litre. 
.12.16,  flaoreeetnee  

12.30,        „    1  *> 

1,  „   .above  1  » 

'2,  ,  above  1  m 

3,  '        „   above  1  (waa  at  maximum)  „ 

4,  „   above  1  '  99 

  1  99 

24,  „    in 

48,  „   TktoA 

7%  99   .  >  •  not  perceptible. 

Hence  in  fifteen  minutes  quinine  is  detectable  in  the  urine,  and  In  thrse 
hours  the  maximum  quantity  is  present  in  the  urine.  In  eight  hours  it 
begins  to  decrease;  in  forty-ei^ht  hours  it  is  much  decreased;  and  in 
seventy-two  hours  it  has  entirely  disappeared. 

Conclusions. 
Part  I. 

From  every  texture  of  man  and  of  some  animals  a  fluorescent  sub-* 
stance  can  be  extracted,  which  is  identical  with  the  fluorescent  substance 
that  for  some  years  has  been  known  to  exist  in  the  lenses  of  man  and 

animals. 

This  fluorescent  substance,  when  extracted,  has  a  very  dose  optical  and 
chemical  resemblance  to  quinine,  and  when  mixed  ^  irh  quinine  it  cannot 
be  separated  from  it ;  we  have  therefore  called  it  *'  animal  quinoidine.'* 

Part  II. 

By  quantitative  determinations  of  the  amount  of  fluorescent  substances 
naturally  exiatmg  ip  the  textures,  we  were  able  to  detemune  the  rale  and 
tim^  of  increase  of  .floQres^ent  sujbrtance^  in  the  vascnlar  and  non^vas- 
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caiki  tefWPei  of  animali.  and  in  the  urine  of  men  after  quinuie  haid  been 
taken.  By  this  means  we  ha^e  shown  that  in  guineapigs,  in  fifteen  nii<* 
nntti^  the  quinine  hpB  oertainlj  passed  into  all  the  vascular,  and  most  pro- 
bahlj  into  ^e  extra-yascnhff  textures.  In  three  hours  the  amount  of  qui- 
nine in  the  textures  may  be  at  the  maximum ;  and  for  six  hours  it  does 
not  much  diminish.  In  twenty-four  honrs  the  quinine  dnks  very  consider- 
ably, and  in  forty-eight  hours  it  is  scarcely  perceptible  anywhere.      •  - 

By  similar  experiments  on  cataracts  in  man,  it  appears  that  in  two  hours 
and' a  quarter  traces  of  qnioine  may  be  found  in  the  lens.  - 

After  quinine  has  been  taken,  it  begins  to  appear  in  tlie  urine  m  from 
ten  to  twenty  minutes ;  in  'from  two  to  three  hours  it  has  reached  its 
maximum  ;  in  from  three  or  four,  or  at  longest  eight  hours,  it  begins  to 
decrease ;  in  twenty^four  hours  it  has  very  much  decreased ;  in  forty** 
eight  hours  its  presence  is  still  detectable ;  but  in  8e?enty-two  hours  not  a 
tiaoe  of  it  can  be  found. 

April  19,  18G0. 

Ideut-Oenerai  SABIN£^  President^  in  the  Chair. 

The  ibltowing  communications  were  read  j— 

I.  "Account  of  the  Discovery  of  the  Body  of  a  Mammotli,  in  Arctic 
Siberia,^'  in  a  Letter  iVoin  Dr.  Cakl  Ernst  von  Baer,  of  St. 
Petersburgh,  For.  Mem.  R.S.    Received  April  It,  1866. 

A  in  Snr'dU  Boyale  de  Londret* 

Prcsnnmnt  que  la  Sodete  Royale  de  Londres  prendre  peut-Stre  quelqoe 
int^ret  k  la  d^ouverte  nouvelle  d'un  mammouth  mc  sa  peau  et  ses  poils 
dana  'le  aol  geU  de  la  Sib^  arctique^  je  ne  Tenx  pas  manquer  de  lui  faire 
cette  communication. 

IHjjk  en  1864  ce  mammouth  a  ivi  trouvd  par  tin  Samoicde  dans  les 
enruons  de  la  baie  du  Tas,  bras  oriental  du  grand  golfe  de  TObi.  Ce  n'est 
que  vers  la  fin  de  I'an  1865,  que  j'en  ai  re9U  la  nouvelle.  Mais  cnnirnc 
dans  CCS  rc^gions  les  corps  des  grandes  betes  se  conservcnt  loiigtemps, 
s'ils  ne  sont  pas  pleiiiement  mis  s\  decouvcrt,  et  que  ce  mammouth,  nu 
TTioiii3  en  1864,  restait  encore  enclulss^  dans  les  terrp*?  GreliJea,  I'Acad^mie 
de  J5t.  TVtersboiirg  a  expt'die,  avec  I'aide  du  gouvc  rriL  uiPut,  an  mois  de 
fevrier  dc  I'aniiee  couranto,  M.  Fred.  SchTiiidt,  palconlolo^ue  distingue, 
.pour  exarniiu  r  Tinn-<?cu1( m  iit  rauiinnl,  mais  aussi  sa  p' sition  dnn^  lu 
localite.  Nous  esperoiis  que  M.  Schmidt  arrirera  avnnt  que  la  destruction 
soit  trop  avancee,  et  qu'on  aura  nou-seulenicut  counaii^sauce  complete  de 
rcxtt'rieur  de  Tanimal,  mais  aussi  de  sa  nourriture  }>ar  la  dissection  de 
regtoniac.  Ce  serait  la  premiere  fois  qu'uu  naturalibte  soit  venu  &  temps 
pour  ces  recherches,  car  Adams,  coiiime  ou  sait,  est  arrive  trop  tard.  II  a 
tronvo  les  crins  tomb^s  de  la  peau  et  a  plcincment  negUgo  d*exainmer  la 
nourriture. 

XJn  rapport  plus  dctaillc  sur  la  trouvaille  de  ce  mammouth  et  sur  Texpe- 
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ditkm  est  sous  pKBse  el  f  anni  rhonneiir  de  k  transinettre  Ik  U  SodM 
Rojale.  Mali  lea  noarelka  de  ce  qu'a  tnmvd  M.  Schmidt  ne  pendent 
arriw  qa*apr^  quelquea  inoia.  Dr.  Ch.  Ebn.  dk  Bauu 

St.P^ter«bourg,  18CC. 

II.  "  On  the  Bum  Fabricii/'    By  John  Davy,  M,D.,  F.K.S.^  &c 

Received  March  24, 1866. 

In  this  paper  I  have  the  honour  to  anbniit  to  the  Societj  some  obaerva* 
tiona  which  I  have  made  on  the  Barsa  Fabricii — an  oi^  reapeeting  the 
function  of  which  ao  little  has  yet  heen  determined  with  any  certuntj, 
aome  physiologists  regarding  it,  after  the  manner  of  the  anther  who  firvt 
deaeribed  it,  as  a  receptaculnm  semmia,  othera  aa  the  analogue  of  Cowper'a 
g^anda«  others  aa  that  of  the  proatate ;  and  one  as  that  of  the  urinary  bladder 
of  fialiea. 

For  the  Bake  of  order  and  to  save  some  repetition,  before  enteiing  into 
particulars  it  maj  not  be  amiss  to  state  briefly  that  thia  peculiar  organ,  in 
every  inatance  it  ia  met  with,  is  found  to  lie  low  in  the  cavity  of  the  pelvii^ 
behhid  the  intestine,  either  directly  in  the  median  line,  or  a  little  on  one 
aide  of  it;  that  it  la  covered  anteriorly  by  the  reflected  peritoneum;  ia 
composed  mainly  of  two  coats*  one  an  outer  muscular,  the  other  an  inner 
mucous,  the  latter  in  the  instances  of  most  development  abounding  in 
follides ;  that  it  communicatee  with  the  cloaca  by  an  openin|^  in  the  female, 
cioae  to  the  entrance  of  the  oviduct.  In  the  male  between  and  a  little  infi^ 
nor  to  that  of  each  vaa  deferens,  in  both  tnfortor  to  the  termination  of  the 
ureters*  \  and  that  it  haa  over  Its  orifice,  when  most  perfect,  a  slight  val* 
vnlar  fold,^aflbrdingsome,  but  not  perfect,  security  against  the  entrance  into 
its  cavity  of  faecal  matter  whilst  passing  in  the  act  of  expulaion* 

What  is  remarkable  in  this  organ,  giving  rise  to  much  of  the  obscurity 
adverted  to,  b  the  different  aspects  which  it  exldbita  in  the  same  animal 
according  to  age,  and  the  diflSBvences  aa  to  form  and  proportional  siae  and 
degree  of  persistence  which  it  presents  in  different  species. 

The  number  of  birds  In  which  I  have  sought  for  tiw  organ,  and  have  tx* 
amined  it  when  found,  has  been  considerable,  at  least  thirty  diflbtent  spedesb 
all  of  them,  with  the  exception  of  the  skylark,  belonging  to  or  frequenters 
of  the  Lake  district. 

I  may  further  briefly  premise  tiiat,  when  the  microscope  haa  been  used, 
the  power  employed  has  been  that  of  -Lth  inch  focal  distance,  and  that,  when 

*  The  ureters  in  those  birds  in  %vhirli  tlioy  ar«^  most  easily  traced,  such  a$  the  common 
fowl,  turkey,  goose,  I  have  fotud  not  to  terminate  in  the  cloaca,  but  just  above  it,  near, 
or  Id  tbe  margin  of  the  inner  anal  aperture  (anas  interne  of  H.  Milne-Bdwaida), !.«.  tbe 
orifteeof  the  rectDin  into  the  doaca;  and,  in  ceBteqoenoe,  tbe  viiaaiyeKeKtkMiia  voided 

adhering  to  the  inferior  portion  of  the  faecal  maia  which  accumidales  in  the  lower  rectum — 

whirli  is  unusually  capacious  and  glandular;  accordingly,  from  such  observations  as  I 
have  made,  I  cannot  but  entertain  great  doubt  of  the  doaca  being  the  proper  place  for 
the  reception  of  tbe  urine  before  ita  expulsion. 
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spermatozoa  have  been  sought  for,  a  drop  of  a  solution  of  common  salt  of 
the  sp.  gr.  1038,  has  been  addi d  to  the  fluid  to  be  examined. 

Ill  the  descriptive  part  ^yliiLh  foilt  w.,  I  propose  to  confine  myself  to  the 
moie  striking  examples  illustrative  of  the  peculiarities  adverted  to  and  likely 
to  aid  in  accounting  for  them,  passing  over  the  several  species,  or  vcr^  briuily 
noticing  them^  when  displaying  no  marked  difference. 

1.  Common  Fowl  (Gallus  domestieus). — I  begin  with  this  bird,  as  I  have 
had  the  beat  opportunity  of  examining  it  at  different  ages. 

]•  Of  a  chieken  fmr  dayi  old,  the  bmsa  vaa  about  the  size  of  a  small 
pea ;  it  communicated  with  the  eloaca,  and  waa  empty. 

2.  Of  another  chieken,  seventeen  daja  old,  found  dead  on  the  10th 
of  March  from  cold,  the  huiaa  measured  *3  by  -2  inch  i  it  waa  distincUj 
plicated  internally  s  it  was  empty. 

3.  Of  a  young  cock,  eleven  weelu  old,  ezammed  on  the  16th  of  June, 
the  buna,  of  a  globular  form,  waa  1-1  inch  in  diameter;  it  communicated 
with  the  cloaca  by  a  narrow  neck  about  *15  inch  in  width;  internally  it 
was  strongly  plicated ;  the  projecting  lamince  were  of  a  creflcantic  form, 
aboat  twenty  in  number,  and  their  width,  where  widest,  was  about  *4  inch. 
It  contained  some  turbid  fluid,  in  which  were  numerous  mucus-like  cor- 
pusdea  and  a  few  well-defined  spermatozoa.  The  testes  were  large;  bestdea 
sperm-ocHs^  they  contained  some  spermatosoa. 

4.  Of  another  cook,  hatched  in  July,  examined  when  nineteen  weeks 
and  six  days  old,  the  burss,  i*2  inch  in  dismeter,  weighed  74  grs.;  it 
was  similar  to  the  preceding  in  structure,  and  was  empty. 

5.  Of  a  third  male,  hatched  on  the  lUlh  of  September,  examined  when 
twenty-one  weeks  and  one  day  old,  weighing  six  pounds,  the  bursa  was  1*5 
indi  in  diameter;  its  plies  like  the  preceding,  its  opcni into  the  cloaca 
large;  many  spermatozoa  were  found  in  the  little  turbid  fluid  with  which 
they  were  moistened.  The  testes  were  large;  the  left  weighed  144  grs., 
the  right  130  grs. ;  the  rasa  deferentia  were  small. 

6.  Of  a  fourth,  hatched  on  the  1 8th  of  October,  examined  on  the  20th 
of  March,  when  seventeen  weeks  and  seven  days  old,  weight  five  pounds, 
the  bursa,  compared  with  the  preceding,  was  of  diminished  size ;  its  dia- 
meter only  *6  inch,  its  plicae  few,  short  and  thick,  and  bloodshot ;  its 
openinq;  into  the  cloaca  large  and  exposed,  without  any  valvular  protection. 
It  contained  a  little  thick  mucus,  in  which  there  was  commingled  an  ap- 
j)rnrnnre  of  spermatozoa.  The  testes  were  large,  and  abounded  in  spcrni- 
celU  and  spprmatozoa;  and  the  vasa  deferentia  were  well  developed,  and 
contained  a  cream-like  fluid  ricii  in  delicate  spermatozoa*. 

•  The  examination  >vns  math;  whilst  the  fowl  was  still  warm.  The  fluid  of  the  testes 
had  a  disunct  alkaline  rcactiou.  In  other  inbtanccs  1  have  obtained  the  same  rtault, 
tbowing  tluu  a  mirited  dUKsreaee  when  compared  with  the  ovnm,  the  ydk  of  which, 
when  Mh,  I  have  tlwtjs  found  to  exhibit  an  aeid  reaction,  proper  precautions  being 
taken  to  avoid  contact  with  the  aUnline  white.  See  the  authcw** '  Physiological  Be- 
•eaEchet'08^)»P*426. 
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7.  In  a  fifth,  a  cock  of  about  six  jcars  old,  weighing  four  poandl  and  a 
half,  no  tracei  of  a  bursa  could  be  found.  The  vasa  deferentia  were  hiTge« 
and  were  distended  with  a  cream-like  fluid  abounding  in  spermatozoa. 
They  terminated  well  apart  in  the  cloaca,  and  had  neither  of  them  a  visible 
papilla*.    The  right  testis  weighed  ^'6'7  grs.,  the  left  119*7  grs. 

8.  Of  a  young  hen«  hatched  on  the  1  7th  of  May,  examined  when  eleven 
weeks  old,  the  bursa  was  more  flask-like  than  glohidar;  it  measured  1*7 
by  1*5  inch.  Its  plic£e  were  large,  and  their  glandular  structure  so  well 
developed  that  the  orifices  of  the  foUide^,  as  puncta,  were  seeu  with  the 
naked  eye.    The  bursa  was  empty,  merely  moistened  with  mucous  fluid* 

9«  Of  a  hen  hatched  on  the  l/tk  of  March,  examined  when  seventeen 
weeks  and  five  days  old,  the  bursa  was  about  the  same  size  and  form  as 
that  of  the  preceding;  it  contained  a  small  quantity  of  turbid  mucous 
fluid,  in  which  were  seen  delicate  filaments  bearing  a  resemblance  to 
spermatozoa. 

10.  Of  another,  hatched  in  May,  and  which,  like  the  preceding,  had 
never  laid,  examined  when  nineteen  weeks  old,  the  bursa,  which  was  empty, 
measured  1*7  by  1*5  inch. 

11.  Of  a  fourth,  hutched  on  the  19th  of  September,  said  to  have  laid 
and  known  to  have  been  trod,  examined  when  twenty-four  weeks  old,  the 
bursa  was  of  shrunken  appearance ;  it  was  *5  inch  in  diameter ;  its  parietes 
thick  (*2  inch  thick)  ;  there  were  no  plicsa  ;  it  communicated  freely 
with  the  cloaca,  and  contained  a  little  mucous  fluid  in  wliich  were  seen 
fikments  like  spermatozoa,  but  not  unmistakeably  such.  There  was  a  Iai)ge 
ovum  nearly  ready  to  be  detached  from  the  ovary.  A  very  few  tolerably 
distinct  spermatosoa  were  found  in  the.  oviduct,  which  wai  well  devet- 
loped. 

12.  In  a  fifth,  hatched  on  the  1 9th  of  July,  examined  when  twenty  weeks 
^d  five  days  old,  after  having  laid  about  twenty-five  eggs,  no  vestige  of 
a  bursa  could  be  detected  f. 

13.  Of  another,  about  eight  mouths  old,  examined  on  the  1 7th  of  March, 
after  having  laid  three  or  four  eggs,  the  bursa  was  of  a  tubular  form,  *9inch 
long  by  - 1  wide ;  its  walls  were  exceedingly  thin,  and  it  did  not  communi- 
cate with  the  cloaca.  In  the  little  turbid  mucous  fluid  it  contained,  a  single 
spermatozoon  was  detected.  There  was  a  fully  formed  esg  in  the  oviduct, 
the  incrustation  of  which  had  begun*  Nearest  the  iofundibulum  many 
spermatozoa  were  found. 

11.  In  a  laying  hen  about  three  years  old  the  bursa  was  reduced  to  a 
small  hard  nias«4,  hardly  equal  to  a  pea  in  siae*  It  contained  a  minute 
cavity  without  an  opeaiag  into  the  cloaca. 

*  After  immersion  in  water  for  forty-eight  hours,  tben  from  distention  Uie  p^filffft 
appeared,  each  about  24  inch  in  length. 

t  Tint  was  a  dackiog  hen,  and  the  day  before  bad  been  trod.    The  ova  in  the  ovary 
.  were  nnsU,  the  laifctt  «3  inch  in  diameter.  Thoo  was  no  egg  in  the  oviduot  { tperma- 
toaea  weze  fetmd  in  different  parU  of  it. 
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:  15.  Id  dnother,  about  fhrea  jean  and  a  half  old,  no  traces  of  a  bursa 
could  be  detected.  Ita  eloaca  and  oviduct  were  Tetj  large,  as  were  also 
those  of  the  iwfeedmg. 

II.  Pkuuimi  (Pharianiia  oolducus). — In  ten  esamined  (seren  males* 
three  females),  with  die  exception  of  three  (inferred  to  be  old  birds),  the 
organ  in  question  was  found.  It  resembled  in  structure  that  of  the  com- 
mon fowl  of  from  four  to  eight  montha  old.  In  efch  instance  it  was  empty, 
wanHj  wet  with  mucous  fluid.  These  birds  were  shot  in  November,  Decem- 
ber, January,  and  February,  Not  knowing  their  precise  age,  but  supposing 
them  to  have  been  hatched  in  the  spring,  their  bursa  as  to  aiie  was  some- 
what less  than  that  of  the  common  fowl.  The  smallest,  that  of  a  hen  shot 
in  Febmaty,  measured  *3  inch  by  *2 ;  it  retained  its  plicated  structure*  and 
freely  oonununicated  with  the  doaoa. 

III.  Partridge  (Perdiz  ciuerea). — Of  this  bird  three  specimens  haye 
been  examined.  In  one,  apparently  old,  no  trace  could  be  found  of  a  bursa. 
In  the  other  two,  in  which  it  occuned,  it  resembled  in  form  and  atnicture 
that  of  the  common  fowl ;  it  measured  *4  inch  by  '3.  These  were  young 
birrh  which  had  taken  wing. 

IV.  Turkey  (Mdei^;ris  gaUopavo) . — In  three  instances  of  this  bird,  all 
hatched  in  springs  one  examined  in  October,  one  in  December,  one  in 
January,  the  bursa  was  found  similar  to  that  of  the  common  fowl,  and  in 
•each  nearly  of  the  same  size,  about  1*5  inch  by  '7. 

V.  Grouse  (Tetrao  scoticus). — In  a  young  bird,  not  fully  fledged,  just 
capable  of  a  short  flight,  shot  in  the  island  of  Lewis  on  the  12tli  of  August, 
expressly  for  the  purpose  of  examination,  the  bursa  ^vas  found  small,  about 
the  size  of  a  pea.  Air  was  found  in  its  huirpri,  but  only  partially  in  its 
femora.  lu  two,  bot)i  from  Scotland,  laier  in  the  season,  no  bursa  could 
be  detect  (I.    Their  lemora  contained  air  as  well  as  their  humeri. 

VI.  Pif/eon  (Columba  domcbtica). — In  two  full-grown  males  examined 
in  September,  no  trace  was  found  of  a  bursa;  in  other  two  (these  younger 

.  birds)  the  bursa  wa^i  pretty  large. 

VII.  Buzzard  (Falco  buteo). — Of  a  young  one  taken  from  its  nest  on 
•the  9ih  of  June,  when  about  a  fortnight  old,  the  buriia  was  ulc)l)iii;ir  and 

comparatively  large,  about  '8  inch  in  diameter,  non-plicated,  an  d  einpty. 
-This  nestliuf^  wiighed  5193  grs. ;  it  waa  covered,  except  at  the  umbilicus, 
where  bare,  with  plush-like  yellow  leathers,  thick,  very  closely  set,  equal 
iu  weight  to  (317  gis. 

VIII.  Sparrow-hawk  (Falco  nisufl).-  Of  a  young  bird,  examined  on 
the  3 1  St  of  July,  just  capable  of  flight,  weighing  3(ibG  grs.,  its  sternum 
still  cartilaginous,  its  humeri  only  partially  fiUed  with  air,  the  bursa  was 
small.  In  another^  a  male*  apparently  an  old  bird,  shot  on  the  8th  of 
March,  no  trsoes  of  bursa  were  found.  It  weighed  2836  grs. 

IX.  Tmony  Owl  (Strix  stridula). — Of  a  young  one  taken  from  its  nest 
on  the  2 1  st  of  June,  when  well  fledged,  but  its  cpuU-featbers  not  fully  formed, 
weight  4496  grs.»  the  buna  was  ^obuUr  and  comparattTcly  large,  *7  inch 
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in  diftmeter.  It  contained  a  good  detd  of  tnrUd  nrininy  fluid  abounding  in 
lithate  of  ammonia.  It  had  no  air  in  any  of  its  bonea. 
In  an  old  bird,  the  parent  of  the  preeeding^  no  bursa  was  fonnd. 

X.  Cuekoa  (Cueulne  canoras). — Of  a  young  one  shot  on  the  25ch  of 
August,  weight  ISlOgrs.  (judging  from  its  plumage,  a  bird  of  this  seasoo)» 
the  bursa  was  very  small.  In  another,  a  male*,  an  older  bird,  shot  on  the 
6th  of  June,  weight  1768  grs.,  no  traces  could  be  found  of  a  bursa. 

XI.  Common  Goote, — Of  one  hatched  in  the  spring,  eKamined  when 
about  u%  months  old,  the  bursa,  of  an  oToid  form,  measured  1*2  by  *7  inch* 
It  was  plicated,  like  that  of  the  common  fowl.  Of  two  othen,  one  four 
months  old,  one  of  about  eight  months,  the  bursa  was  about  the  ssme  siie 
as  the  preceding. 

XII.  Common  Duek. — Of  onc^  a  msle  hatched  in  Bfareh,  the  bursa  was 
of  a  cylindrical  form,  1*6  inch  long  by  *4  mch  wide.  Its  lining  membnme 
was  without  plicse ;  the  apertures  of  the  mucous  follides  were  conspicuous^ 
and  arranged  in  parallel  lines.  It  contained  some  dark  fiscal  matter 
similar  to  that  m  the  intestine. 

Of  another  male,  about  three  months  old,  the  bursa  was  of  a  flask-like 
form,  2'6  inches  in  length,  *6  inch  in  width  where  widest ;  in  structure 
like  the  preceding.  It  contaroed  a  turbid  greyish  fluid,  in  which  were 
suspended  granules  sod  small  globules.  It  was  coagulated  by  nitric  add. 

Of  a  female,  about  a  month  older,  of  the  same  brood,  the  bursa  resem- 
bled the  last. 

Of  another  female,  a  little  more  than  a  year  old,  the  bursa  was  teiy 
small ;  its  cavity  was  not  quite  obliterated,  nor  was  its  opening  into  tho 
cloaca  dosed. 

Of  a  male  about  two  years  old,  no  traces  remuned  of  a  bnrsiu 

XIII.  Wattf'hen  (Gallinula  chloropus).— Of  a  msle  shot  in  NoTember* 
the  bursa,  of  a  flask-like  form,  was  -6  indi  by  *4  $  its  cavity  was  small  and 
without  plicse. 

XIV.  Common  Coot  (Fnlica  atra).-— In  a  male  shot  on  the  8thof  Maidi 
no  bursa  was  found. 

XV.  Common  Quit  (Lams  canus), — The  same  remark  applies  to  one 
examined  in  January. 

XVI.  Woodeoeh^  (Scolopaz  msticola). — ^In  two  cxambed,  one  in  De- 
cember, the  other  in  Februaiy,  no  traces  of  a  bursa  were  found. 

XVII.  Rook  (Corvus  frugilegus).— Of  this  bird  thirteen  spedmens  have 
been  examined.  In  dght  no  traces  of  a  bursa  were  detected ;  from  their 
appearance  and  the  quality  of  their  bones,  it  was  inferred  that  they  were  a 
year  or  more  old.  In  the  remaining  five  a  bursa  was  met  with ;  three 
were  examined  in  May,  two  in  August ;  all  had  the  marks  of  young  birds* 
Of  one,  which  wdghed  6132  grs.,  caught  when  not  quite  capable  of  flight, 

♦  One  testis  wcigiied  '7  gr.,  aiul  measured  *24  inch  by  "26  ;  the  other  1  gr.,  atid  mea- 
sured '28  by  '20  inch ;  they  were  of  a  rich  yellow  colour,  and  contained  8parm«cells*and 
spennsftOBOi,  d»  latter  of  onifenn  thidmessj'aboat  '002  iadh  ia  leagth,  aowise  spiral 
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the  bursa  whs  nearly  globulin-  auil  about  7  by  '6  inch;  it  was  distended, 
as  was  also  tbe  cloaca,  with  a  turbid  iluid  abouudiiig  in  lithate  oi" auiiuaida. 
Its  inner  surface  was  not  plicated,  but  slightly  pitted.  Of  the  others,  tlie 
bursa  differed  little  from  the  last;  it  was  somewhat  sruallLr,  In  the  bursa 
of  one  of  these  i>ome  liakc^  were  found,  cuusisting  chiefly  of  lithate  of 
ammonia. 

XYIII.  Oarrion-erow  (C.  coronc). — Of  a  young  male  shot  on  the  21st 
of  June  the  hum  was  globiiUr,  very  like  that  of  the  rook,  about  7  inch 
in  Aimetor ;  it  coutaliMd  lome  flakes  of  lithate  of  ammonia. 

Of  another,  shot  on  Ihe  30t]i  of  June,  weight  6163  grs.,  the  bursa  was 
aomewliat  diflnrent  In  fcmn ;  i€  was  broadest  at  its  base ;  It  measured  *9 
by  -8  inch. 

Of  one  kiOed  on  the  16th  of  July,  weight  5653  grs.,  the  bursa  was 
smalkr ;  it  oootained  some  flakes  of  lithate  of  ammonia. 

Of  a  fourth,  kitted  in  February,  which,  judging  from  thesmallnessof  the 
Ofidnct,  was  not  an  old  bird,  the  buna,  had  it  not  been  for  its  opening 
into  the  doaca*  might  hare  escaped  observation,  not  on  account  of  its 
smalhiess,  for  it  was  little  less  than  that  of  the  preceding^  but  from  the  ex- 
treme thinness  of  its  coats  and  adherence  to  the  adjoining  tissues. 

XIX.  Jackdaw  (G.  monedula). — Three  specimens  have  been  examined. 
TVo  of  these  were  old ;  in  neither  of  them  was  there  a  bursas  one  was 
young;  itwasshotonthellthof  July,  and  was  folly  fledged;  its  bursa  was 
pretty  large,  similar  to  that  of  the  rook,  and  empty. 

XX.  Jdy  (C.  glandaritts).— Of  one,  jndgmg  from  the  state  of  its  bones^ 
hatched  in  springs  the  bursa  was  oomparatiTely  large,  heart-shaped,  mea* 
soring  *6  by  *4  inch.  Its  cavity  was  small;  its  mner  soriaoe  smooth^ 
without  pficm. 

XXI.  Blackbird  (Turdus  merala). — Six  different  specimens  have  been 
examined.  In  an  old  bird  shot  in  March,  a  male^  no  trace  of  a  bursa  was 
found. 

In  an  unfledged  nestling,  weighing  112  grs.,  found  dead,  the  bursa  was 
so  thin  as  to  be  translucent ;  it  was  proportionally  laige,  and  contained  some 
flakes  of  lithate  of  ammonia* 

In  the  others,  which  were  examined  between  the  middle  of  June  and 
the  beginning  of  October,  none  of  them,  it  was  inferred,  more  than  fire 
months  old,  the  bursa,  nearly  globular,  was  from  about  *4  to  *5  inch  in 
diameter ;  its  lining  membrane  was  smooth ;  its  parietcfl  proportionally 
thick.    In  each  instance  it  was  empty. 

XXII.  Sonff- thrush  (T.  musicus). — ^In  an  old  male  examined  on  the 
28th  of  June  no  bursa  w  as  found. 

Of  two  young  ones  obtained  on  the  loth  of  the  same  month,  the  bursa 
was  about  the  size  ut  a  large  pea;  one  was  empty,  the  other  contained 
some  lithate  of  ninmonia. 

\XLII.  Water-ousel  (T.  cuiclus). — lu  one,  a  mnle,  probably  a  young 
one,  a  small  bursa  was  found.    It  was  shot  on  the  llth  of  November. 
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In  another,  an  ol^  Uird  (judipng  firom  ito  appearmnoe),  shot  al  the  lame 
time,  there  was  no  trace  of  a  buna*  s  and  the  same  remark  applies  to  a 
third  examined  in  January. 

XXIV.  ComwuM  StarUnff  (Stomns  Tnl§;aris).— Of  a  yonng  one  shot  on 
the  29th  of  Jnne^  the  bursa  was  about  the  sise  of  that  of  theyonn^  thrush.  lu 
two  old  birds  shot  on  the  7th  of  March,  not  a  trace  of  the  organ  was  found. 

XXY.  Skylark  (Akud*  arreoflis). — ^In  two  examined  m  January  there 
was  the  like  deficiency. 

XXVI.  Ckifehaf  (Trocbilus  minor). — Of  one,  a  yonng  bird,  exa- 
mined on  the  14th  of  July,  the  bursa,  of  moderate  size,  contained  a  little 
fecal  matter.  In  auolher,  an  older  bbd,  shot  in  March  no  bursa  could 
be  found. 

XXYIL  RobtH  (Sylvia  rubecu1a).-^f  a  young  one  found  dead  on  the 
16th  of  June,  still  warm,  weight  255  grs.,  the  bursa  was  of  moderate  size. 

Of  another,  nearly  fully  iledged,  found  dead  on  the  25th  of  June^  weight 
285  grs.,  the  bursa  was  comparatively  large,  exceeding  a  little  in  size  that 
of  the  preceding. 

XXVIII.  TeU&w  Jwrnur  (Emberixa  citrioella). — In  one»  a  male^  its  testes 
abounding  in  spermatosoi^  examined  on  the  16th  of  Jnne,  there  was  no 
trace  of  a  buna. 

XXIX.  Blue  Tit  (Pams  esemleus). — Of  two  young  ones  examined  on 
the  8th  of  June*  when  just  able  to  fly,  one  weighing  177'5  gn«,  the  other 
162  gn.,  the  bursa  was  comparatively  large ;  in  eaeh  it  was  empty. 

XXX.  CoU  TU  (P.  ater). — ^In  one  examined  in  Pebmary  no  trace  of  the 
organ  conld  be  found. 

XXXI.  Martm  (Hinmdo  urbica). — Of  three  yonng  ones  taken  ftom 
the  nest  on  the  10th  of  July,  the  bursa  was  comparatively  large;  in  eaeh 
it  was  empty.  One  nestling  weighed  414  gn.,  another  398  gn.»  the  third 
423*6  gn.  The  parent  birds  were  both  found  of  less  weight  i  that  of  the 
male  was  263  gn.,  of  the  female  287*4  gn.  In  the  latter  a  distinct  hurM 
was  found,  little  less  than  that  of  the  young  birds.  Search  was  made  ibr 
fpermatoaoa»  but  none  were  found  in  it.  Of  the  male,  the  pelvis  was  so  in^ 
jured  by  shot  that  it  was  useless  for  examination.  In  a  male  ahot  on  the 
1st  of  August,  the  testes  of  which  contained  spermatoioa,  no  trace  of  a 
bursa  was  found. 

From  the  preceding  results  may  not  the  foUowitig  oondusions  be 
drawn? — 

1st.  That  in  some  birds,  as  in  the  common  fowl,  and  probably  in  all  the 
gallinaceous  family,  and  that  of  the  Anatidse,  the  bursa  increases  in  sise 
and  in  completeness  of  ocgnnization  up  to  a  certain  age,  beyond  which  it 
gradually  diminishes  equally  in  both  sexes,  and  eventually  disappears. 

2nd.  That  in  other  birds,  those  of  rapid  growth,  which  take  wing  as 

*  It  Wit  tliat  aeir  the  liver  Bnthy,  in  wMek  eliiir  wen  tiben  spawning.  In  its  |^ 
Slid  and  cowphagns  nine  on  of  Uiit  fiah  wcte  found;  thef  wen  tnatpiraBt  when  ex* 
.tnelcd,  bnt  lamiaMd  in  water  lliej  loon  becaflM  epiqee. 
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■ooa  ■■  thejr  tie  capabte  of  flight,  Uwbiina  is  eompintivelj  large  whilit 
thij  m  nestliDgiy  docs  not  increase  oonspicooiialy,  if  at  ell,  with  their 
gfowth,  bat  rather  dimiaisfaes,  and  after  a  certain  age  disappeaiSt  and  pro- 
bafafy  sooner  than  in  the  first  mentioned.  The  bunard  and  owl  are  ex- 
amples^ and  probably  all  birds  of  the  same  family,  all  of  the  Corfinft,  all 
of  the  throsh  kind,  and  all  the  smaller  birds,  with  the  exception  perhaps  of 
the  female  martin. 

Of  the  uses  of  the  oi^d,  I  venture  to  coajectnre,  founding  my  conjee* 
tnres  on  what  I  have  observed,  that  they  may  be  provisioaal  and  various  ; 
that  in  some  birds,  whilst  nestlings,  it  may  act  the  part  of  a  urinary  blad> 
der,  as  witnessed  in  the  instance  of  the  young  owl,  and  in  some  of  the  young 
rooks,  crows,  and  thrushes,  thereby  tending  to  prevent  the  fouling  of  the 
nests ;  that  in  others  it  may  serve  as  a  seminal  reservoir  at  an  early  period, 
and  in  both  male  and  female  in  the  instances  mentioned,  in  which  it  has 
been  found  most  completely  formed  before  the  nttaiument  of  full  size — 
in  the  male  before  the  yasa  deferentia  are  fully  developed,  in  the  female 
BO  long  as  the  oviduct  is  still  small  and  unexpandcd ;  and  that  generally, 
as  the  organ  is  more  or  less  amply  supplied  with  mucous  follicles,  it  may 
serve,  by  the  secretion  it  yields,  to  lubricate  the  cloaca  with  which  it  is 
connected,  anrl  to  aid  in  its  functions. 

These  conjectures,  or  inferences,  if  deserving  of  being  so  considered,  might 
be  supportt  I  by  what  we  know  of  the  structure  of  the  part  and  its  pobilion 
in  reiatiou  to  the  termination  of  the  ureters,  ot  the  spermatic  vessels,  and 
of  the  oviduct;  but  1  think  it  better  to  rest  them  on  the  facts  observed — 
the  urinary  matter  detected  in  the  orgau  in  some  instances,  the  spermatozoa 
in  others*,  and  the  mucous  fluid  generally. 

But  granting  even  that  the  bursa  may  be  useful,  and  in  the  female  as  well 
as  in  the  male,  in  aid  of  fecundation,  as  Fabricius  supposed,  yet  his  extreme 
view  that  that  aid,  in  the  storcd-up  spermatic  fluid  in  the  bursa  of  the  hen 
bird,  might  sutlice  fur  a  wnr,  as  stated  in  the  subjoined  passage-f,  for  which 
and  for  other  extracts  I  am  iadcbLcd  to  the  kindness  of  Professor  Sharpey, 
is  both  highly  improbable,  and  is  op[)Osed  by  the  fact  of  the  decrease  of  the 
bursa  with  the  advancing  age  of  the  fowl,  and  the  enlargement  of  the  ovi- 

*  At  in  no  inttance  I  have  yet  fimnd  anqaestioiiable  .t^nnaieioa  in  the  bona  of  the 
yanng  ben,  I  ouinot  fidrly  infer  that  the  bnna  in  Hnt  female  it  a  reeeptacnlom  leminii  g 
but  as  in  two  inrtances  there  were  deteeted  in  it  filaments  which  were  vaiy  like  fliete 

Hodies,  and  in  one  a  single  pretty  distinct  spermatozoon,  and  fnrtlior,  as  the  bursa  seems 
to  diminish  rapidly  m  the  oviduct  becomes  dfvelopcd  and  not  till  then,  is  it  not  probable 
that  for  a  short  time  it  may  perform  tlie  part  assigned,  as  conjectured  above?  It  need 
hanllf  be  lemarked  that  the  muoons  aacietion  of  the  bniaa  adds  to  the  difltonlty  of  de« 
monstrating  the  pretence  of  ifenoaUiaoa. 

t  "  Semen  aotem  Galli  ad  podiccm  immittitnr,  ct  In  vesica  rcponitur  et  conservatur, 
quonsnnp  pniliis  oonformctur ;  immo  vero  per  t'ttntn  intetrnnn  anni  tempus  inibi  servatur, 
postea  ijuain  serael  admitisu  Gallo,  ova  omnia  per  toiuiu  iiiud  anni  tempus  foecunda  red- 
dnntor,  tanquam  vesica  uuicum  ob  id  foramen  habente,  ut  in  condoso  loco  semen  OilU 
diaUm  at  in  pvopdo  et  eoagrao  loco  actfetnr/'— C^.  Omnh,  Logd.  Bat.  1738,  p.  21. 
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duct  and  of  the  TMa  deferentia.  Harvey,  who  was  opposed  to  the  notion 
of  Fabricms,  expresses  the  opinion  that  an  intercourse  once  or  twice  repeated 
might  suffice  to  impregnate  a  whole  bunch  of  yelks,  he  having  found  that 
an  egg  laid  on  the  20th  day  of  seclunon  of  a  hen  produced  a  chick*.  This 
fact  is  an  interesting  one,  however  explained.  It  might  be  adduced  in 
favour  of  the  opinion  of  Fabricius  ;  but  inasmuch  as  the  passage  of  the 
fully-formed  egg  in  the  act  of  expulsion  does  not  necessarily  secure  the 
expulsion  of  any  spennatoKoa  previously  received  into  the  oviduct,  it  is  of 
little  value  in  the  argument :  and  here  I  may  mention  that  I  have  detected 
Spermatozoa  in  the  oviduct,  even  in  that  portion  in  which  the  egg  was  re« 
ceiving  its  calcareous  incrustation. 

III.  Researches  on  Gun-cotton. — Memoir  I.  Manufacture  and  Com- 
position of  Gun-cotton."  By  F.  A.  Abel»  F,a.S.,  V.P.C.S. 
Keceived  April  10, 1866« 

(Abstract.) 

A  review  of  the  researches  on  the  production,  properties,  and  compontion 
of  gun-cotton  hitherto  published,  and  a  brief  elhmination  into  the  pro- 
bable causes  of  the  discrepancies  exhibited  between  the  results  and  con- 
dusions  of  different  experimenters,  are  followed  in  this  paper  by  a  criti- 
cism of  the  several  steps  in  the  system  of  manufacture  of  gun-cotton,  as 
prescribed  by  Baron  v.  Lenk. 

The  conclusions  arrived  at  on  this  subject  are  founded  upon  carefully 
conducted  laboratory- experiments,  and  upon  extensive  manufacturing 
operations  carried  on  during  the  kst  three  years  at  the  Royal  Gunpowder 
Works,  Waltham  Abbey.  In  some  of  these  operations  v.  Lenk's  system 
of  manufacture,  as  originally  communicated  to  the  English  Government 
by  that  of  Austria,  was  strictly  followed ;  in  others,  various  modifications 
were  introduced  ui  different  stages  of  the  manufacture — such  as  in  the 
composition  of  the  acids  used,  in  the  proportion  borne  by  the  cotton  to 
the  acids  in  which  it  remained  immersed,  in  the  duration  of  the  treat* 
ment  of  cotton  with  the  adds,  and  in  the  methods  of  purification  to  which 
,  the  gun-cotton  was  submitted. 

Exception  is  taken  to  one  or  two  points  in  the  general  system  of  menu- 
fiicture^  and  directions  are  indicated  in  which  they  may  be  advantageously 
, modified;  but  the  general  condusion  arrived  at  is  that,  although  Baron 
T.  Lenk  cannot  be  said  to  have  initiated  any  new  principle  as  applied  to 
the  production  of  gun-eotton,  he  has  succeeded  in  so  greatly  perfecting 
the  process  of  converting  cotton  into  the  most  explosive  form  of  pyroxyline 
or  gun-cotton,  and  also  the  methods  of  purification,  as  to  render  a  sunple 
attention  to  his  dear  and  definite  regulations  alone  necessary  to  ensure  the 

*  Opeia  Omnia,  a  Col.  Med*  Loud.  ed.  1766,  p.  S06. 
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manufacture  of  very  unifomi  products,  which  are  unquestionably  much 
more  perfect  in  their  nature  than  thoae  obtained  in  the  earlier  days  of  the 
history  of  gim-ootton.  Great  atress  ia  laid  upon  the  fact  that  deviations 
fram  the  prescribed  process,  which  at  first  sight  may  appear  triyial  (such 
as  a  slight  modification  in  the  streugtb  of  the  acids  used,  the  neglect  of 
proper  cooling-arraiigciueut>),  are  certain  to  lead  to  vanations  in  the  pro- 
dncts  of  manuiactnr^  affecting  their  ezplosive  characters,  or  their  perma- 
nence, or  both.  A  considerable  dcTiation  from  the  normal  eompositiont 
dne  evidently  to  some  accidental  irregnlarities  in  the  course  of  manufac- 
ture pursued,  has  been  exhibited  occasionally  by  gun-cotton  obtained 
firom  the  manufactories  at  Hirtenberg  and  Stowmarket. 

The  composition  of  gun-cotCon  has  been  made  the  subject  of  a  veiy 
extensive  series  of  experiments,  both  analytical  and  synthetical.  The  ma« 
terial  employed  in  the  analytical  researches  consisted  of  ordinaiy  products 
of  manufhcture,  prepared  at  Waltham  Abbey,  and  obtained  from  Hirten- 
berg and  Stowmarket   The  general  analytical  results  are  as  follows : — 

Air-dry  gun-cotton  contains  very  uniformly  about  two  per  cent,  of 
water,  which  proportion  it  reabsorbs  rapidly  from  the  atmosphere  after 
desiccation.  If  exposed  to  a  moist  confined  atmosphere,  it  will  gradually 
absorb  as  much  as  six  per  cent,  of  water  i  but  it  rarely  retains  more  than 
two  per  cent,  upon  re-exposure  to  open  air. 

The  mineral  constituents  of  gun-cotton  vary  according  to  the  quality 
of  the  water  employed  in  its  purification.  The  average  proportion  of  ash 
furnished  by  gun-cotton  prepared  at  Waltham  Abbey,  where  the  water 
used  is  hard,  amounts  to  one  per  cent.  It  should  be  observed  thnt  the 
process  of  •*  silicnting"  the  gun-cotton,  which  is  prescribed  by  Von  Lenk, 
but  the  value  of  which  is  not  admitted,  has  been  applied  Wnltliam 
Abbey  only  in  special  evperimental  opt  rr^fions.  Its  use  naturally  adds  to 
the  mineral  constituents  contained  in  the  finished  products. 

The  proportions  of  matters  soluble  in  alcohol  alone,  and  in  mixtures  of 
alcohol  and  ether,  were  found  to  be  remarkably  uniform  in  jjruducts  of 
manufacture  obtained  by  strictly  following  Von  Lenk's  directions.  In  the 
ortlinnrv  products  from  Waltham  Abbey,  the  matter  extractable  by  alcohol 
amouuled  to  between  O  /f)  and  I  per  cent.,  and  consisted  of  a  yellowish 
nitrngenized  substance  possessed  of  acid  characters,  and  evidently  produced 
Iruiu  matters  foreign  to  cellulose  (which  are  retained  by  cotton  til>ie  after 
its  purificntion),  and  tlic  products  of  oxidation  which  cacape  complete 
removal  when  the  gun-cotton  is  submitted  to  purification  in  an  alkaline  , 
bath.  The  average  proportion  of  matter  extractable  by  ether  and  alcohol 
after  the  alcoholic  treatment  is  from  1  to  1*5  per  cent.  This  consists  of 
one  or  more,  of  the  lower  products  obtained  by  the  action  of  nitric  acid 
upon  cotton-wool,  the  existence  of  which  was  established  by  Hadow.  The 
causes  of  the  invariable  production  of  small  proportions  of  these  substances 
in  the  ordinary  manufacturing  operations,  and  of  their  existence  in  larger 
ijnantities  in  exceptional  instances,  have  been  carefully  examined  into^ 
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Their  abioliito  removal  ftom  Bpecimeiii  of  guB-eottoii.  purified  lor  analy- 
tieal  pnrpoBei^  was  found  to  be  almost  impossible. 

The  methods  employed  (br  determining  the  proportions  of  carbon,  hy- 
drogen, and  nitrogen  Id  gun-cotton,  and  the  reladye  proportions  of  carbouic 
acid  and  nitrogen  furnished  by  its  combustion,  have  been  very  carefiilly  tested. 
Four  different  methods  of  determining  the  earbon  were  employed,  and 
forty-nine  successful  estimattoos  of  that  element  have  been  accomplished 
In  a  Tariety  of  products  of  manufhcture.  A  number  of  very  concordant  hy> 
drogen-determinatbns,  and  eighteen  direct  estimations  of  the  Tolames  of 
nitrogen  fimnshed  by  the  complete  oiidation  of  gun-cotton,  have  been 
made.  The  individual  as  well  as  the  mean  results  obtained  in  these 
analytical  experiments  correspond  much  more  closely  to  the  require- 
ments of  the  formula  G,      N,  ^u  =  ^'e|3  jj^  |  trinitro-cellulose, 

or  G,a  II,4^f  3N,0„  trinitrie  cellulose)  than  to  the  formula  recently  as- 
signed for  gun-cotton  by  Pelouze  and  Maury,  U,,  0,^,5  N,0,.  The 
determinations  of  the  comparative  volumes  of  carbonic  acid  and  nitrogen 
have  furnished  results  closely  in  accordance  with  those  of  the  direct  de- 
termination of  nitrogen. 

Since  the  specimens  of  gun-cotton  analyzed  always  retained  small  quan- 
tities of  the  products  soluble  in  ether  and  alcohol,  it  was  to  be  expected 
that  the  proportion  of  nitrogen  found  would  be  slightly  below,  and  con- 
sequently that  the  carbon-results  would  be  somewhat  above,  those  which 
the  chctnically  pure  substance  should  furnish.  The  variations  exhibited 
by  the  analytical  results  do  not  exceed  sucb  as  are  ascribable  to  the  above 
cause. 

A  number  of  experiments  were  instituted  with  Hadow*8  method  of  de- 
termining the  composition  of  gun-cotton,  which  consists  in  reducing  the 
latter  to  cotton  by  means  of  potassic  sulphydride.  The  results  show  that, 
although  the  method  is  useful  for  controlling  the  results  obtained,  by  de- 
termining the  increase  of  weight  which  cotton  sustains  by  troaiment  with 
nitric  acid,  it  does  not  afford  sufficiently  definite  and  trustwortliv  data  to 
render  it  applicable  as  a  method  of  ascertaining  the  degree  of  ])crf'ection  of 
manufacturing  products,  i.  e.  the  extent  of  freedom  ot'  a  specimen  of  the 
most  explosive  gun-cotton  from  admixture  with  the  soluble  varieties. 

The  treatment  of  cotton  with  nitric  and  sulphuric  acids  has  been  varied 
in  Timny  T\ays  in  laboratory  exj)criments,  with  the  view  to  examine  fully 
into  the  increase  m  weight  sustained  by  the  former,  upon  its  conversion 
into  the  most  explosive  gun-cotton,  and  to  determine  what  circumstances 
may  exert  an  influence  upon  the  amount  of  increase, — an  acid  mixture  of 
uniform  strength  being  employed  throughout  the  ex})eriments  (3  parts 
by  weight  of  sulphuric  acid  of  spec.  grav.  1'84,  and  I  part  of  nitric  acid 
of  spec.  grav.  1*52).  The  results  arrived  at  may  be  briefly  summed  up 
as  follows  : — - 

.  JTiuely  carded  and  carefully  puri&ed  cotUm^wool  will  sustain  an  increase 
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of  weight  varying  lietweeii  8i  h  and  S2\>  upon  1(10  parts  of  cotton,  if 
submitted  for  24-48  huurs  to  treatment  with  a  very  considerable  excess 
(about  50  parts  to  1  of  cotton)  ot  the  acid  mixture.  Similar  results  mnv  also 
be  obtained  hy  reptau  Jly  trcatinoj  the  sauic  sample  of  cotton  tor  coiii})ara- 
tively  brief  periods  witb  fresh  quantities  of  acid,  provided  this  treatineat 
be  not  too  greatly  prolonged.  Lower  resulu  (soincwhat  iiljove  ur  below 
78  upon  100  parts  of  cotton)  are  obtained  if  the  cotton  be  buUmitted  to 
treatment  with  a  large  excess  of  acid  for  only  brief  or  for  very  protracted 
periods,  or  if  it  be  left  for  ftboot  24  houn  in  contact  with  a  comparatively 
limited  proportion  of  acid  (lOorldtolof  cotton).  The  increase  of 
weight  wbidi  100  parit  of  pure  cMtlow  tbonld  miatain  by  complete  con- 
▼eraioD  into  a  rabetanee  of  the  formnk  H,  N,  O^^,  is  83*3 ;  if  conrerted 
completelj  into  a  eubatanoe  of  the  composition  €^  5     9^  it 

ibonld  sustain  an  increase  in  weight  of  77*79* 

There  is  strong  evidence  that  the  differences  between  the  highest  resolts 
famished  bj  carefully  purified  cotton^wool,  and  the  number  83'3t  are  to 
be  prindpally  ascribed  to  the  small  proportions  of  foreign  matter  still  ex- 
isting in  the  fibre  at  the  time  of  its  conrersion. 

The  maximum  increase  of  weight  sustained  by  cotton  of  ordmaiy  qnafit^t 
such  as  is  used  in  gun-cotton-mannfactorSt  is^  as  might  bare  been  antici-. 
pated»  below  the  result  obtained,  nnder  similar  conditions^  with  cotton  of 
finer  quality  and  more  thoroughly  purified.  The  highest  numben  ob* 
tained  by  treatment  of  snch  cotton,  in  small  quantities,  with  a  coostderabla 
excess  of  add,  were  somewhat  below  181,  from  100  of  cotton.  Tlieiii« 
crease  of  weight  which  this  quality  of  cotton  lustains  is,  however,  more 
generally  about  78  per  cent. 

Experiments  are  quoted  which  show  that  the  attainment  of  loWct  results 
with  cotton  of  ordinary  quality  is  ascribable  to  the  existence  of  higlier 
proportions  of  foreign  matters  in  the  cotton  under  treatment. 

Some  qnantitative  manufacturing  experiments  yielded  results  consider- 
ably below  those  obtdned  with  some  of  the  same  cotton  in  laboratory 
operations  (171  and  1/6  of  gun-cotton  having  been  produced  from  100  of 
cotton).  The  causes  of  these  differences  are  iavesUgated  and  explained. 


The  identity  in  their  characters,  and  close  resemblance  in  composition,  of 
the  most  perfect  results  of  laboratory  experiments,  and  of  the  jmritied 
products  of  manufacture,  the  close  approximation  frequently  exlulntc  fl  by  , 
the  weight  of  the  former  to  the  theoretical  demands  of  the  formuhi 
N,      (which  may  be  expressed  as 

^  {  3  NO.  }  O^orO„H,,0^3N.OJ, 

and  the  satisfactory  tnaimcr  in  wlucli  the  unavoidable  production  of  some- 
what lower  rccsuks  in  tlie  uiuuuiacturing  operations  admits  of  practical 
demonstration,  appear  to  afford  coaclusiTe  evidence  of  the  correctness  of 
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cither  of  the  above  formnle,  as  representing  the  compositton  of  the  most 
explosive  gnn-eotfon*  and  demonstrate  satisfactorily  that  the  materia),  pre* 
pared  strictly  according  to  the  system  of  manufacture  perfected  by  Von  Lenk, 
consists  uniformly  of  the  substance  now  generally  known  as  trimtio-cellu* 
lose,  in  a  neariy  pure  condition, 

IV.  **  On  the  Mysteries  of  Numbers  alluded  toby  Fermat."  By 
the  l(t.  Hon.  Sir  Fkedeiiick  1'ollock,  Lord  Chief  Baron^ 
F.li.S.,  &e.   Received  March  19,  1860.    [See  page  115.] 

AprU  26,  1866. 

J.  P.  6ASS10T,  YiccPresidcut,  in  the  Chair. 

Tlie  following  communications  were  read : — 

I.  "  On  the  Dentition  of  Rhinoceros  Icplorhinu.^  (Owen)."  By 
AV.  ii()Yi>  Dawkins,  M.A.,  Oxon.^  F.G.S.  Coniniunicated  by 
Prof.  J.  Phillips,  F.ll.S.    Received  March  28,  1866. 

(Abstract.) 

The  fossil  remains  of  the  genus  Rhinoeeroi  found  in  Pleistocene  de- 
posits in  Great  Britain  indicate  four  well-defined  species.  Of  these  the 
it,  iiehorhinusy  or  the  common  fossil  species,  ranged  throughout  France, 
GerTnnTn%  and  Northern  Russia,  and,  like  its  congener  the  Mammoth,  was 
defeuUcd  from  the  intense  winter  cold  by  a  thick  clothing  of  hair  and 
wool.  Its  southern  limit  in  the  Europeco- A  sialic  continent  was  a  line 
passing  llirough  the  Pyrenees,  the  Alps,  the  northern  shore  of  the  Caspian, 
and  the  Altai  Mountains.  It  has  not  yet  been  proved  to  have  existed  in 
Europe  anterior  to  the  deposit  of  the  Boulder  Clay.  The  second  spede^ 
the  B*  megarhmu9  of  M.  de  Christol,  characterized  by  its  slender  limbs 
and  the  absence  of  the  **  cloison,"  has  been  determined  by  the  author 
among  remnins  from  the  brick-earths  occupying  the  lower  part  of  the 
Thames  valley,  and  from  the  Pregladal  forest- bed  of  Cromer.  The  species 
ranged  from  the  Norfolk  shore  southwards  through  Central  France  into 
Italy.  In  France  and  Italy  it  characterizes  thr  Pliocene  deposits,  being 
found  in  the  former  country  in  association  with  Mcutcdan  bremrottrU  and 
Halitkerium  Serremi,  in  the  latter  with  M»  Arvemetuis.  From  its 
southern  range  we  may  infer  that  tlie  megarhine  species  was  fitted  to  in- 
habit the  warm  and  temperate  sones  of  Europe,  just  as  the  tichorhine  was 
peculiarly  fitted  for  the  endurance  of  an  Arctic  winter. 

The  third  species  is  the  72.  etruscua  of  Dr.  F^coner,  confined  to  the 
forest-bed  of  the  Norfolk  sliore,  and,  like  the  R.  tnegarhiimu,  fbnnd  in  the 
Pliocenes  of  France  and  Italy ;  it  ranged  across  the  Pyrenees  as  ftr  as  Ma- 
laga, and  is  the  only  species  known  to  occur  in  Spain. 

The  fourth,  the     lepterkmuB  of  Professor  Owen,  is  the  equivalent  of 
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tile  R.  hemitcechm  of  Dr.  Falconer.    It  is  dcfiiKMl  as  "K.  ;i  iiarines  dcmi- 
cloiijuiiiices,"  and  is  probably  not  tbe  same  aiiisaal  us  the  li.  Ujjiorhinua 
or  **  R.  d  narines  non-cloisonmes"  of  Baron  Cuvicr,  the  evidcuce  as  to 
the  absuoce  or  presence  of  the  cloison  in  the  type  of  the  species  being  of 
the  most  conflicting  nature.    In  Central  France  it  is  identical  with  R.  me- 
sotropu*  and  J2.  telamim  of  M.  Aymardj  the  M.  Aymardi  of  M.  Pomel, 
and  the  JL  UptarMnMM  (du  Pay)  of  M.  Genraite.   Its  dendtkn  la  ohaiae- 
teriied  bj  the  presence  of  the  third  eotta  in  the  upper  taxAaat  Aeries, 
coupled  with  the  stoutness  of  the  cing^um,  the  suppression  of  the  ante- 
nor  eombmff  plate,  the  smoothness  of  the  enamel,  and  the  extent  to  which 
the  npper  molars  overhnng  the  lower,  which  causes  the  enamel  on  the 
outer  side  of  the  latter  to  be  worn  obliquely.  The  lower  mokrs  can  be 
determined  by  the  flattening  of  the  anterior  area,  coupled  with  the  fine 
sculpturing  of  the  enamel-sur&ce.    In  common  with  the  other  fossil 
British  Rhinoceroses,  it  possessed  a  molar  series  of  six  only  on  either  side, 
and  was  bioom.   It  ranged  through  £ngland,  from  the  Hy«na-dfn  of 
Kirkdale  in  Yorkshire  in  the  north,  as  far  south  as  the  plains  of  Somer- 
setshire, and  as  far  to  the  West  as  Pembrokeshire.   It  is  Tcry  generally 
found  in  association  with  Elephae  jmtiqaiae  and  ffippapetamue  mafar, 
both  spedes  which  lived  in  Plio<%ne  times.   The  association  in  VTookey 
Hole  Hyeena-den  with  Elephae  primigemae  and  R*  tiehorhinus  and  other 
characteristic  Postglacial  mammals  proves  that  it  coexisted  with  the 
tichorhine  species,  to  which  it  probably  bore  the  same  geographical  rela> 
tion  as  the  Elk  does  to  the  Reindeer  in  the  high  northern  latitudes.  The 
sum  of  the  evidence  proves  that  it  was  coeval  with  the  Mammoth  and 
tichorhine  lUiinoreros,  and  does  not  characterize  deposits  of  an  earlier 
epoch  in  the  Pleistocene.    It  has  not  as  yet  been  found  in  Prcglacial  for- 
maUons.    The  R.  leptorhinue  is  more  closely  allied  to  the  bioom  Rhino* 
oevoe  of  Sumatra  than  to  any  other  living  species. 

II.  Experimental  Researches  in  Magnetism  and  Electricity." — 
Part  I.  By  H.  Wilde,  Esq.  Communicated  by  Mr.  Faraday. 
Received  March  126, 1866. 

(Abstract.) 

Tliis  paper  is  divided  into  two  sections,  -  the  first  being  on  sonic  ik  w 
and  paradoxical  jilieiionieua  in  elcetro-niai:ii(. tic  induction,  and  its  relation  to 
the  principle  ol  iho  conservation  ot  phvbical  force  ;  the  second  on  a  new  and 
powerful  generator  oi  dynamic  electricity. 

The  anthor  defines  the  principle  of  the  conservation  of  force  to  be  the 
definite  quantitative  relation  existing  between  fill  pijennniena  whatsoever; 
and  in  the  particular  application  of  the  principle  to  the  advancement  of 
physical  science  raid  the  mechanical  arta,  certain  problems  are  jiuinied  out 
which,  in  their  solution,  bring  out  results  as  surprising  as  they  are  para- 
doxical.  Although,  when  rightly  interpreted,  tbe  resnlts  obtained  are  in 
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strict  toeOfdADce  with  the  principle  of  con8er?atioo»  yet  they  anb 
game  time,  coDtniy  to  the  inferences  which  are  generally  drawn  from 
analogical  reasonings,  and  to  some  of  thoae  maxims  which  philosophers 
propound  for  the  coasideration  of  others. 

The  author  directs  attention  to  some  new  and  paradoxical  phenomena 
arising  ont  of  Faraday's  important  discovery  of  magneto^lectric  induction, 
the  close  consideration  of  which  has  resulted  in  the  discovery  of  a  means  of 
produdog  dynamic  electricity  in  quantities  unattainable  by  any  apparatus 
hitherto  constmcted.  lie  has  found  that  an  indefiiiitcly  small  amount  of 
magnetism*  or  of  dynamic  electrictty,  is  capable  of  inducing  an  indefinitely 
large  amount  of  m^netism,-*^d  again,  that  an  uidcfinitely  small  amount 
of  dynamic  electricity,  or  of  magnetism,  is  capable  of  evolving  an  in* 
defiuitely  large  amount  of  dynamic  electricity. 

The  apparatus  with  which  the  experiments  were  made  consisted  of  a 
compound  hollow  cylinder  of  brass  and  iron,  termed  by  the  author  a 
magnet-cylinder,  the  internal  diameter  of  which  was  If  inch.  On  this 
cylinder  could  be  placed,  at  pleasure,  one  or  more  p^rmHucnt  horseshoe 
magnets.  Each  of  these  permanent  magnets  weighed  about  1  lb.,  and 
would  sustain  a  weight  of  about  1 0  lbs.  An  armature  was  made  to  revolve 
rapidly  in  the  interior  of  the  cyUnder,  in  dose  proximity  to  its  sides,  but 
without  touching.  Around  this  armature  163  feet  of  insulated  copper 
wire  was  coiled,  0*03  of  an  inch  in  diameter,  and  the  free  ends  of  the  wire 
were  connected  with  a  commutator  fixed  upon  the  armature*axis,  for  the 
purpose  of  taking  the  alternating  waves  of  electricity  from  the  machine  in 
one  direction  only.  The  direct  current  of  electridty  was  then  transmitted 
through  the  coils  of  a  tangent  galvanometer  ;  and  as  each  additional  magnet 
was  placed  iqpon  the  magnet-cyliader,  it  was  found  that  the  quantity  of 
dectricity  generated  in  the  coils  of  the  armature  was  very  nearly  indhvct 
proportion  to  the  number  of  magnets  on  the  cylinder. 

Experiments  were  then  made  for  the  purpose  of  ascertaining  what  rda* 
tion  existed  between  the  sustaining-power  of  the  permanent  magnets  on  the 
magnet-cyUnder,  and  that  of  an  dectro-magnet  exdted  by  the  deetridty 
derived  from  the  armature. 

When  four  permanent  magnets  capable  of  sustaining  collectively  a 
weight  of  40  lbs.  were  placed  upon  the  cylinder,  and  when  the  submagnct 
was  placed  in  metallic  contact  with  the  poles  of  the  electro-magnet,  a 
weight  of  1 78  lbs.  was  required  to  separate  them*  With  a  larger  electro- 
magnet  a  weight  of  not  less  than  10^  lbs.  was  required  to  overcome  the 
attractive  force  of  the  electro-magnet,  or  twenty-seven  thnes  the  weight 
which  the  four  permanent  magnets  u<!ed  in  exdting  it  were  eoUectivdy 
able  to  sustain.  It  was  further  found  that  this  great  difference  between 
the  power  of  a  permanent  magnet  and  that  of  an  eleotro-tnagnet  exdted 
through  its  agency  might  be  indefinitely  increased. 

Experiments  were  then  made  with  eiectro-magnets  of  various  bsm^  for 
the  purpose  of  aseertainii^  the  cause  of  these  paradoadoal  results. 
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When  the  wires  forming  the  polar  terminals  of  the  magneto-electric 
machine  were  connected  for  a  short  time  with  those  of  a  very  large  electro- 
magnet, a  bri^iht  sp  u  k  l  )uM  be  obtained  from  the  electro-helices  twenty- 
five  seconds  alter  all  ( (nint  xion  with  the  mnKneto-clectric  machine  had 
been  broken.  Hence  li  is  inki  ri  tl  iliat  uu  c  K  ctro-mngnet  ))ossesscs  the 
power  of  accumulating  and  retaining  a  charge  of  electricity  in  a  manner 
analogous  to,  but  not  identical  with,  that  in  which  it  is  retained  m  in- 
sulated submarine  cables,  and  in  the  Leyden  jar.  It  was  also  found  that 
tlw  electro-helioM  oflbnd  a  temporary  reaitanoe  to  the  passage  of  the 
current  from  tha  magneto-electrio  maebine.  When  four  magneta  were 
placed  oa  the  cylinder,  the  enrreot  flnom  the  machine  did  not  attatn  a  per- 
manent degree  of  Intensity  nntil  an  interval  of  fifteen  aeeondi  had  dapsed ; 
but  when  a  more  powerftil  machine  waa  meed  for  exciting  the  electnH 
heKoei^  the  current  attained  a  permanent  degree  of  intenaty  after  an 
interval  of  fonr  eeeonda  had  elapsed. 

Hie  general  oonclosion  which  is  drawn  by  the  author  ftom  a  eonsiden^ 
tioo  of  these  ezperiraenta  isi,  that  when  an  electro-magnet  ia  eidted  through 
the  agency  of  a  permanent  magnet,  the  large  amount  of  magnetism  mani- 
fested in  the  electro-magnet,  simultaneously  with  the  small  amount  mani- 
fssted  in  the  permanent  magnet,  is  the  eonstaot  aceompaniment  of  a 
correlative  amount  of  electricity  evolved  lirom  the  magneto^cctrie  machine^ 
either  all  at  once,  in  a  large  quantity,  or  by  a  oootiouous  saocession  of 
small  quantities, — the  power  which  the  metals  (but  more  partieularly  iron) 
possess  of  accumulating  and  retaining  a  temporary  chaige  of  electricity,  or 
of  magnetism^  or  of  both  together  (according  to  the  mode  in  which  these 
forces  are  viewed  by  physicists),  giving  rise  to  the  paradoxical  phenomena 
which  form  the  subject  of  this  part  of  the  investigation. 

Having  established  the  fact  that  a  large  amount  of  msgnetism  ean  be 
developed  in  an  electro-magnet  by  means  of  a  permanent  magnet  of  much 
smaOer  power,  it  appeared  reasonable  to  the  author  to  suppose  that  a  large 
eleetro-magnet  excited  by  means  of  a  small  magneto-electric  machine 
could,  by  suitable  arrangements,  be  made  instrumental  in  evolving  a  pro* 
portionately  larg;e  nrnount  of  dynamic  electricity. 

Two  magnet-cylinders  were  therefore  made,  having  a  bore  of  2^  incheSt 
and  a  length  of  1 2\  inches  or  five  times  tlie  diameter  of  the  bore. 

As  frequent  mention  is  made  of  the  different-sized  machines  employed 
in  theee  investigations,  they  are  distinguished  by  the  calibre,  or  bore  of  the 
magnet-cylinders. 

Each  cylinder  was  fitted  with  an  nrmature,  round  wliich  was  coiled  an 
insnlated  strand  of  copper  wire  67  feet  in  length,  and  0'1.5  of  nn  \::ch  in 
diameter.  Upon  one  of  the  ir^np-nrt  rvlinders  sixteen  pernianeut  ni  i-iu  ts 
were  fixed,nnu  to  the  sides  ut'du'  (^'I'vy  inagnet-eylinderwns  lioltf!!  an  clia-tro- 
magnet  fornicJ  of  two  reclaiiguhir  ]neces  of  boiler-plate  enveloj  rd  with 
coils  of  in  u!  .ted  copper  wire.  The  arniature;*  ni  the  2^incli  njagntto- 
ekctnc  and  electro-magnetic  machines  were  driven  bimultaneously  at  an 
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equal  Telocity  of  2500  reTolutions  per  mmute.  Whea  the  electricity  from 
the  magneto^lectric  machine  was  tranamitted  through  a  piece  of  No.  20 
Iron  wire  0*04  of  an  inch  in  diameter,  a  length  of  3  inches  of  this  wire  was 
made  red-hot.  When  the  direct  current  from  the  magneto-electric  machine 
was  transmitted  through  the  coils  of  the  electro-magnet  of  the  electro- 
magnetio  machine,  the  electricity  hom  the  ktter  melted  8  inches  of  the 
oame-sised  iron  wire  as  was  used  in  the  preceding  experiment,  and  a  length 
of  24  inches  was  made  red-hot. 

When  the  electro-magnet  of  a  5-inch  machine  was  excited  hy  the  2f-inch 
magneto-electric  machine,  the  electricity  from  the  5-inch  electro-magnetic 
machine  melted  15  inches  of  No.  15  iron  wire  0*075  of  an  inch  in  diameter. 

The  author  ha?ing  found  that  an  increase  in  the  dimensions  of  the 
machines  was  accompanied  hy  a  proportionate  and  satisfactory  increase  of 
the  magnetic  and  electric  forces,  a  10-inch  electro-magnetic  machine  was 
constmcted :  the  weight  of  its  electro-magnet  is  nearly  3  tona^  and  the 
total  weight  of  the  machine  is  about  4^  tons.  The  macfame  is  furnished 
with  two  armatures — one  for  the  production  of  "intensity^'-,  and  the  other 
for  the  production  of  "  qnantity"-eflrect8. 

The  intenrity  armature  is  coiled  with  an  insulated  conductor  eondsting 
of  a  bundle  of  thirteen  No.  1 1  copper  wires,  each  0*125  of  an  inch  in  dia- 
meter. The  coil  is  376  feet  in  length,  and  weighs  232  lbs. 

The  quantity  armature  is  enveloped  with  the  folds  of  an  insulated  copper- 
plate conductor  67  feet  in  length,  the  weight  of  which  is  344  lbs.  These 
armatures  are  dnTen  at  a  uniform  velocity  of  1500  reTolutions  perminutCt 
by  means  of  a  broad  leather  belt  of  the  strongest  description. 

When  the  direct  current  from  the  If -inch  magneto-electric  machine, 
haying  on  its  cylinder  six  permanent  magnets,  was  transmitted  through 
the  coils  of  the  electro-magnet  of  the  5-inch  electro-magnetic  machine, 
and  when  the  direct  current  from  the  latter  was  simultaneous! v,  and  in  like 
manner,  transmitted  through  the  coils  of  the  electro-magnet  of  the  ]  0-iuch 
machine,  an  amount  of  magnetic  force  was  developed  in  the  large  electro- 
magnet far  exceeding  anything  which  has  hitherto  been  produced,  accom- 
panied by  the  evulntion  of  an  amount  of  dynamic  electricity  from  the 
quantity  armature  so  enormous  as  to  melt  pieces  of  cylindrical  iron  rod 
la  inches  in  length,  and  fully  one-quarter  of  an  inch  in  diameter.  With 
the  same  arrangement,  the  electricity  from  the  quantity  armature  also 
melted  15  inches  of  No.  11  copper  wire  0'  125  of  an  inch  in  diameter. 

When  the  intensity  armature  was  placed  in  the  mapiet  cylinder,  the 
electricity  from  it  melted  7  feet  of  No.  1 6  iron  wire  0*065  of  an  inch  in 
diameter,  and  made  a  length  of  21  feet  of  the  same  wire  red-hot. 

The  illnminating:  power  of  the  electricity  from  the  intensity  armature  is, 
as  might  be  expected,  of  the  moat  splendid  description*  When  an  electric 
lamp,  furnished  with  rods  of  gas- carbon  half  an  inch  square,  was  placed  at 
the  top  of  a  lofty  buildlug,  the  light  evolved  from  it  was  sufficient  to  cast 
the  shadows  from  the  flames  of  the  street-lamps  a  quarter  of  a  mile  distant 
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QpoD  the  neighbouring  walls.  When  viewed  from  that  distance,  the  nys 
proceeding  from  the  reflector  have  all  the  rich  effulgence  of  sunshine. 

A  piece  of  the  ordinary  sensitized  paper,  such  as  is  used  for  photographic 
printing,  when  exposed  to  the  action  of  the  light  for  twenty  seconds,  at  a 

distance  of  2  feet  from  the  reflector,  wn=;  darkened  to  the  same  degree  as 
was  a  piece  of  thp  same  sheet  of  paper  when  exposed  for  a  period  of  one 
minute  to  the  direct  rays  of  the  sun,  at  noon,  on  a  very  clear  day  in  the 

month  of  March. 

The  extraordinary  calorific  and  illnmioating  powers  of  the  K^iiuh 
machine  are  all  the  nwre  remarknhle  from  the  fact  that  they  have  their 
origin  in  six  small  permanent  magnets,  weigihlng  only  1  11).  crich,  and  only 
capable,  at  most,  of  sustaining  collectively  a  weight  of  60  ihs.  ;  while  tlie 
electricity  from  the  magneto-electric  machine  employed  in  excitint^  the 
electro-magnet  was  of  itself  inrapnble  of  heating  to  redness  the  shortest 
length  of  iron  wire  of  the  smallest  Mze  manufactured. 

The  production  oi  so  hirgc  atnount  of  electricity  was  only  obtained 
(as  might  have  been  anticipated  by  the  physicist)  by  a  correspondingly 
large  amount  of  mechanical  force;  for  it  was  fdund  that  the  large  electro- 
magnet could  be  excited  to  such  a  degree  that  the  strong  leather  belt  was 
scarcely  able  to  drive  the  machine. 

When  the  electro-magnet  of  the  10-inch  mfichine  was  c\cited  by  means 
of  the  2 '  -inch  magneto-electric  machine  alouc,  about  two-thirds  of  the 
maximum  amount  of  power  iVoui  the  10-iiicli  machine  was  obtained. 

From  a  consideration  of  the  combined  action  of  the  magneto-electric 
and  electro«magnetic  machines,  the  author  points  out  a  remarkable  uialogy, 
subsisting  between  the  operation  of  the  static  forces  of  magnetism  and 
of  cohesion  in  modifying  dynamical  phenomena,  wluclk  throws  addBtionil 
light  upon  the  nature  of  the  magnetic  force. 

On  reviewing  and  comparing  the  wbok  of  the  analogous  phenomena 
nmni&sted  m  the  opention  of  the  magnetie  and  eoheave  forees  under  the 
varied  eoncfitwiia  to  which  the  anihor  in?ites  aitentiiHi,  it  appears  to  him 
that  magnedsm  is  a  mode  <tf  the  foree  of  oohesbn,  or  iB»  if  the  term  be 
alhwed,  poUur  cohesion  acting  at  sensible  distances,  the  eqnivalent  of 
mifgn^  force  bdng  obtained  at  the  eipense  of  an  sqnivalent  of  ordinary 
cohesive  ibrce  (in  an  szial  diiecticn)  so  long  as  the  tnm  contmnct  to  be 
nngnetiieda 

III.  "Extract  of  a  Letter  from  Charles  Chambers,  Esq.,  Acting 
Snperintendent  of  the  Bombay  Magnetic  Observatory,  to  the 
President.  Dated  March  28,  1866."  Communicated  by  the 
President.   B^ceived  April  26, 1866. 

Yon  win  probably  have  heard  from  Mr.  Stewart  that  the  opportunity 
of  applying  useAdly  the  ciperience  whidi  lacquircd  at  Kew  has  been  iem- 
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porarilv  accorded  to  me  by  the  liombay  Government,  by  my  appointment 
to  the  superintendence  of  this  Observatory.  The  confirmation  of  iny  pre- 
sent appointment  will  probably  depend  upon  the  sanction  of  the  scheme 
of  improvements  for  the  Observatory  which  I  have  just  sent  in  for  the 
consideration  of  Government.  Meanwhile  I  have  arranged  the  working 
power  of  the  establishment  s  i  as  to  take  up  the  reduction  of  the  old  obser- 
vations, and  I  am  sure  you  will  be  interested  to  lenru  that  there  is  a  pro- 
bability of  their  turning  out  trustworthy  and  valuable.  The  separation  of 
seven  years  of  declination -disturbauces  has  already  been  effected,  with  the 
resuhs  shown  in  the  enclosed  Tables  and  Curves  ;  but  as  the  whole  series 
of  obser>ations  (from  1845  to  1855)  will  include  two  complete  cycles  of 
the  decennial  period,  and  the  reductions  have  already  been  so  Inuj^ 
delayed,  I  propose  completin!:;;  the  twenty-one  years  before  discu--iiii;  the 
connected  questions  and  publishing  the  whole  ;  it  is,  however,  a  little 
doubtful  whctlicr  the  opportunity  of  doing  this  will  be  afforded  me,  as 
the  Indian  Government,  in  sanctioning  my  appointment,  have  Hmited  its 
duration  to  the  end  of  next  month  ;  and  though  I  am  hopeful  that,  partly 
in  consequence  of  a  representation  that  I  have  made  to  the  Governmont,  of 
the  wide  scope  for  u si  fulness  that  in  open  to  me  here,  and  of  what  has 
been  etiected  and  has  been  engaged  upon  since  my  arrival  six  months 
ago,  they  may  be  induced  to  extend  their  approval  of  the  appointment 
until  the  improvements  sugerested  in  mv  l^eport  shall  have  been  consi- 
dered, yet  it  seems  right,  as  there  are  some  interesting  points  about  the 
results  already  arrived  at,  that  I  should  inform  you  of  them  whilst  I  may, 
especially  as  in  case  of  a  second  reference  of  the  matter  to  the  home 
Government,  you  will,  I  believe,  consider  them  good  grounds  upon  which 
to  recomriK  11  1  the  continuance  ot  tlie  reductioos  of  the  twenty-one  con- 
secutive years  of  the  Bombay  observations. 

Referring  to  page  283  of  your  paper  in  the  Philosophical  Transactions, 
1863,  it  will  be  seen  that  these  results  supply  the  required  knowledge  of  the 
laws  of  the  disturbances  at  a  station  intermediate  in  longitude  between  Kew 
and  Nertschinsk.  The  general  characteristics  of  the  westerly  disturbance- 
diumal-variation  curve  arc  the  same  as  you  desi  rilje  for  Pekin  and  Nerts- 
chinsk.  The  curve  is  remarkably  regular,  and  the  ordinates  between 
8  P.M.  and  4  a.m.  have  scarcely  appreciable  values,  being:  in  the  latter 
respect  like  the  westerly  curve  for  Ilobarton,  and  the  easterly  for  Kew 
and  St,  Hi'lcna.  The  maximum  occurs  at  11  a.m.,  which  corres[)oud8 
to  about  ib'  Kew  astronotnical  time,  implying,  by  compiuison  with  the 
Corresponduig  hours  rd  n:ii\ininm  at  the  other  two  eastern  stations  ( Pekia 
and  Nertschmsk  >,  u  rather  slow  propagation  of  the  disturbing  aclioa  from 
north  to  south  ol  ilie  eastern  part  of  the  northern  htinisphere.  The  other 
curve  (of  easterly  disturbuiicc)  prestnts  a  less  systematic  apjieariuicc ;  and 
the  ratios  are  at  no  part  of  the  day  smaller  than  0'G4,  or  greater  than 
1-83. 
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The  Table  of  aggregate  values  of  diatarbanoe  in  the  several  years  points 
▼eij  distiuctly  to  a  miQimam  as  occurring  early  in  1864,  thus  adding 
another  to  the  determinations  of  this  turning-point  in  three  former  cycles 
given  by  you  in  the  third  volume  of  the  *  St.  Helena  ObservationSi'  and 
confirming  the  conclusions  yon  arrived  at  as  to  the  propriety  of  the  appel- 
lation "  decennial  **  to  the  period  in  question.  The  Table  does  not  extend 
far  enough  backwards  to  fix  the  time  of  maximum  distinctly^  but  it  suf- 
fices to  place  it  with  probability  in  the  year  1859. 

The  principal  requests  that  I  have  made  in  my  Report  are  for  a  set 
of  Kcw  magiu'to^rrnphs,  and  for  a  suitable  room*  and  for  a  body  of  com* 
puters  to  work  up  the  old  observations. 


Astronomictii  hours. 

1  Ratios  of  the  a^^gate  values  of 
1    the  declination  •diKturfaanoea  : 
i    exoeedinffr'4in  amount  at  the 
several  hours  in  the  seven 
years  iroui  1850  to  1865  in- 
diudte. 

Bombay. 

I  (apprfiswiste). 

Westerly 
diaturbanceit 

Easterly 
distnriMuioeB. 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
0 
1 
2 
9 
4 
5 
6 
7 
8 
9 
10 
11 

7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
in 

21 
22 
23 
0 
1 
2 
8 
4 

I 

•06 
•17 

•16 
•14 
«18 
•36 

•80 
•96 

1-  64 

2-  35 
2-73 
276 
2-84 
257 
1-86 
1-41 
1-06 

•61 
•40 
•45 
•16 
•11 
•16 
•08 

•70 
•68 

•64 
•84 
•69 
•71 

•92 
117 

MM) 

1-61 
1-83 

i-m 

1-56 
1-29 
•99 
•91 
•86 
•85 
•80 
1-00 
•79 
•70 
•72 

ikggrrt^ite  values  in  the  seven 

28011 

73.'i9-8 
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Aggregate  valuee  of  all  disturb- 
ances exceeding  1*  4  in  tlie 
several  jears  from  1859  to  >| 
1865  hiduiiTO.  ji 


Ratio*  of  disturbance  in  th» 
nereral  jears  from  1850  to 
1864  incluflire  to  the  mean 

six  jears  taken  as  unitj*. 


Ymn, 


Aggregate 
yaluea. 


YeiMi 


Batiott 


1850 
1860 

isni 

18(32 

1804 
1865 


153^1 
1421-6 

051-8 
1240-5 
C911 

9U6-8 


1859 
1860 
1861 
18G2 

1863 
1864 


1-43 
ld3 
0«9 
116 

05G 


The  ratio  of  the  maximum  in 
1859  to  the  minimum  in  1864 


IV.  On  the  Tidee  of  the  Axetie  Sees.— Part  III.  On  the  Semi- 
dinmal  Tides  of  Frederikadal,  near  Cape  Fkrewell,  in  Greenknd. 
By  the  Be7.  S.  Haughton,  F.R.S.   Beccsved  April  1%,  1866. 


The  observations  discussed  in  this  paper  by  the  Re?.  Dr.  Haughton 
were  made  for  him  (in  1863-64),  at  the  request  of  Admiral  Irminger  of 
the  Royal  Danish  Navy,  by  Mifldonary  Asboe,  at  Frederiksdal,  near  Cape 
Farewell  in  Greenland. 

They  proved  amply  sufficient  for  the  complete  discussion  of  the  semi- 
diumd  tide  of  that  interesdng  locality;  and  the  following  results  were 
obtained 

1 .  Eccentricity  of  lunar  orbit   0*06786 

2.  Maasof  eartli  as  compared  with  mass  of  moon. .  . .  64*638 

3.  Depth  of  Atlantic  deduced  from  heights   lO'C^  miles. 

'  4.  Depth  of  Atlantic  deduced  from  times   3'30  miles. 


(Abstract.) 
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''On  the  Mysteries  of  Numbers  alluded  to  by  Fermat."  By 
the  lU.  Kou.  Sir  Freo£&ick  Tollock^  Lord  Clxief  Baron^ 


This  piper  is  presented  as  a  oontinuAtion  of  one  which  appeared  in  the 
Philosophical  Transactions  of  the  Boyal  Society  for  1861,  vol.  cli.  p.  409^ 
and  the-object  of  it  is  to  call  attention  to  certain  properties  of  odd  numbers 
when  placed  in  a  aqiiare»  acoordiog  to  an  arrangement  to  be  explained 
below. 

It  appears  to  me  probable  that  these  properties  are  connected  with  (if, 
indeed,  they  be  not  actually  some  form  of)  the  mysterious  properties  of 
numbers,  to  which  Fermat  alludes  in  the  announcement  of  his  theorem  (as 
fnraishiiig  the  proof  ot  it)  ;  for  in  point  of  (net  these  properties  give  a 
method  by  which  every  odd  number  can  hv  divided  into  tour  ^(juarc  iiuni- 
bers,  and  every  number  (odd  or  even)  can  be  divided  into  not  exceeding 
three  triangular  numbers. 

I  am  not  prepared  to  say  whether  or  not  the  method  affords  a  demon' 
stration,  and  proves  that  it  ran  always  be  done;  but  it  always  doet  it,  ruJ 
the  cause  of  its  success  may  be  distinctly  shown.  The  properties  I  allude 
to  are  scarcely  less  ititerestiug  and  curious  than  the  theorem  itself,  and  pre- 
sent results  for  which  i  can  fiud  no  natne  more  appropriate  than  the 
geometry  of  numbersy  for  relations  nppear  to  be  established  between  various 
numbers  in  the  square,  which  relatious  arc  not  founded  on  any  aritl^metical 
connexion  betweeu  them,  hut  on  tlie  positions  they  respectively  occupy  in 
the  square  of  which  they  form  a  part. 

The  arrangement  of  the  numbers  is  as  shown  in  diagram  No.  1 .  Any 
odd  number  (which  may  be  the  subject  of  inquiry)  is  made  the  first  term 
of  a  series,  increasing  from  left  to  right  by  the  numbers  4,8,  12, 16, . . .  ( 1  ?() 
This  scries  forms  the  liorizantal  line  at  the  top  ;  each  term  of  the  series  so 
formed  U  made  the  first  term  of  a  series,  increasing  downwards  by  the 
numbers  2,  \j,  10,  14  ....  (4«— 2).  A  square  of  indefinite  magnitude  is 
thus  formed,  consisting  of  two  sets  of  series,  one  set  all  horizontal,  the 
other  set  all  vertical.    161  is  the  first  number  in  diagram  No.  1. 

The  result  of  the  arrangement  of  the  two  series  in  the  manner  above 
mentioned  is  the  formation  of  a  third  set  of  series,  which  may  be  tend  in 
the  diagonal  lines  of  the  square. 


If  from  the  first  number  in  the  square  (l Clj  a  diagonal  line  be  drawn 


towards  the  qpponte  corner,  it  will  pasa  ihrongh  the  first  terms  of  one  por- 
tion of  the  third  set  of  series;  the  seoond,  third,  and  following  terms  are 
taken  alternately  from  each  side  of  the  diagonal  line.  These  series  increase 


F.R.S.,  &c.* 


(Abstract.) 


*  fiMd April  19.  (Seep.  106.) 
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by  2,  4j  6,  8j  &e.  •  • .  (2n),  and  with  the  exception  of  one  term  they  are  wSL 
,  in  the  diagonel  lines  (lee  diagram  No.  1),  in  whieh  the  lingle  red  Une 
paaees  through  the  ilnt  tenni^  and  the  double  red  line  ahoiia  whefe  the 
termi  of  the  eeriea  (the  second,  third,  &c*)  bdougiug  to  that  (aa  a  first 
term)  are  to  be  fonnd  s  the  red  ink  nnmbert  indicate  their  order. 

12340678 

.The  Noa«  203,  205,  209,  21 5,  223,  233,  245,  259,  &c.,  &c.,  oompoee 
the  series  ;  the  terms  increase  by  2,  4,  6,  8, 10,  &c. . . .  2n.  A.ny  number 
in  tlie  diagonal  from  161  may  be  the  first  term  of  a  mmflar  series. 

The  (ii4;onal  from  163  will  gi?e  all  the  other  first  tenns  of  the  fhird  set 
of  series. 


In  order  to  eiphdn  the  indices  which  appear  in  the  diagram  No.  1,  and 
to  show  in  what  manner  the  series  are  connected  with,  and  pass  into  each 
other,  it  is  necessary  to  point  out  the  properties  of  the  two  series  which 
compose  the  square,  and  of  the  third  series,  which  is  a  necessaiy  result. 

All  of  them  have  this  property  in  oommon,-*that  if  yon  can  discover  the 
roots  of  the  squares  which  compose  any  term  of  the  series  with  reference 
to  the  nature  of  the  series,  and  the  order  in  the  series  of  that  term,  then 
you  know  the  roots  of  every  term  in  the  series,  both  before  and  after  that 
term.  The  first  series  increases  by  4, 8, 12,  &c.  The  indices  of  the  terms 
of  a  series  so  increanng  I  have  made  1,  3, 5,  7,  &c.,  and  they  are  put  at 
the  top  as  bdng  common  to  all  the  series  that  are  horisontal. 

For  this  reason,  if  two  numbers  differ  by  1,  as  n,  it  + 1,  and  the  larger 
be  increased  by  1,  and  the  smaller  be  diminished  by  1,  and  the  process  be 
continued,  the  result  will  be 

n-1,  n4-2, 
n— 2,  n+3, 
11—3,  n4-4, 

•         •  , 

&e.  &c. 

If  these  be  treated  as  roots,  the  sums  of  the  squares  will  be 

2»'+2n+l,  - 
2ii*+2ii+5, 
2a*+2a+18, 
2ii'+2n+25, 
ftc.  ftc. 
2ii'+2n+2ji*-!^+l. 

Tlie  sums  of  the  squares  increase  by  4,  8,  1^  && 


Digitized  by  Google 


1866.] 


alluded  to  hy  Femai.  117 


If  iherefore  the  roots  of  the  square,  into  vbich  any  odd  number  may  ba 
divided,  hep,  q^n,  n+ 1,  and  the  number  be  increaaed  by  4,  8,  12,  &c. 

. . .  (4n),  the  mth  term  in  the  lories  will  be  composed  of  squares  whose 
roots  will  be  ^r,  n  —  (w  —  1 ),  n + m ;  two  of  the  roots  will  be  constant,  the 
others  will  vary,  and  their  differences  in  the  successive  terms  will  be  1,  3, 
5,  7,  &c.  (In  —  l);  and  if  you  discover  the  roots  of  any  term  in  the  series, 

you  can  tind  the  roots  of  all  the  terms. 

The  second  series  resembles  the  first  in  haviag  two  roots  coils  taut,  and 
two  variable  ;  the  differences  betwet  n  the  variable  roots  nrc,  in  the  first 
term  0,  in  the  second  term  2,  in  the  third  term  4,  Sec,  nnd  the  Indices  of 
the  terms  are  therefore  0,  2,4,  6,  8,  10,  &c.,  which  are  placed  vertically 
by  the  side  of  the  square.  For  if  two  numbers  are  equal,  as  n,  n,  and  one 
of  them  be  increased  by  1,  and  the  other  diminished  by  1,  and  the  process 
be  continued,  the  result  will  be 

»       «      "1  r2n" 

1,  n+l  I  If  these  be  treated  as  2n*+2 

2«AH-2  >    roots,  the  sums  o(<  2n'  +  8 
11—3,  n+3  I     their  flqnarei wiU  be  |  2n'+l8 

The  sums  of  the  squares  increase  by  2,  6, 10,  14 ... .  (4n— 2),  and  the  suc- 
cessiye  differences  of  the  variable  roots  are  0,  2,  4,  6,  &c. ;  and  if  the  roots 
of  the  squares  into  ^v]li(  }i  nuy  odd  number  may  be  divided  be  p,  n,  n, 
and  the  number  be  iiicreascd  by  2,  6,  10,  &c.,  the  roots  of  the  »ith  term 
will  be  p,  q,  n  — (m  — 1),  w-f  (m— 1),  and  if  the  roots  of  any  one  term  be 
kiinwn,  the  roots  of  mU  the  others  may  be  found. 

The  small  tiLTUiYs  in  the  upper  right-hand  corner  of  each  division  or 
small  square  are  the  indices  ot  the  third  set  of  series.  In  this  set  all 
the  roots  are  variable.  Tlie  character  of  the  first  set  of  series  is,  that 
two  roots  in  every  term  differ  by  an  odd  number;  the  character  of 
the  second  set  of  scries  is,  that  two  roots  in  every  term  diffier  by  an 
e?en  number  but  in  the  third  set  of  series,  the  algebndc  mm  of  all  the 
roota  of  the  eqtiares  into  which  the  sUccessiTe  terma  may  be  divided  is 
aocoeiBTely  1,  3,  5,  7,  9,  &c.  (an  odd  number) :  the  awn  of  the  roota  of. 
tfce  ai{aarc8  into  wMeh  an  odd  number  can  be  £f  ided  cannot  be  an  eren 
number. 

The  following  Table  will  exphun  in  what  manner  the  leries  ia  formed 
from  the  roota  of  the  squares  into  which  any  odd  number  may  be  divided, 
ao  aa  to  make  the  algebraie  lum  equal  to  1.  I  have  preferred  to  uae 
figurea  inatead  of  algehraic  symbola,  aa  being  more  readily  underatood  and 
mote  carily  dealt  with ;  but  the  reault  ia  the  aame  whatever  figures  or 
aymbola  nu^  be  uaed.  The  eeriea  begma  fW»m  the  centre. 

Let— 7,^3,  2,  9>  which  are  the  roota  of  the  equares  into  which  the 
odd  number  143  may  be  divided,  be  placed  in  the  centre,  and  let  the  posi- 
tive roota  ba  increaaed  downwarda  and  deereaied  upwaidi,  and  the  nega* 

u2 
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the  roots  increased  upwards  and  decreased  downwards^  the  result  will  be 
as  in  the  Table  below  : — • 


Order  of 

Algebnio 

Suran 

Ofder 

of 

BooU  - 

sums  of 
rooU. 

of  9<piare9 
of  roots. 

of 
terms. 

4    5  7 

12 

12 

-13-9-4  3 

4    5  7 

-23 

275 

10 

^12—8—3  4 

—  19 

233 

10 

4    5  7 

8 

8 

-11-7-2  5 
4    6  7 

—15 

199 

6 

_jO-6-l  6 

4    5  7 

-11 

173 

6 

4 

-  9-5  0  7 

4    5  7 

-  7 

155 

4 

2 

—  8-4    1  8 

-  3 

145 

2 

4    5  7 

143 

Centre 

1 

-  7-3   2  9 

1 

1 

4    5  7 

3 

3 

—  C-2   3  10 
4    5  7 

5 

149 

5 

—  5—1    4  11 

4    5  7 

9 

163 

5 

7 

-  4    0    5  12 
4    6  7 

13 

185 

*• 

9 

—  3   1   n  13 

4    6  7 

17 

215 

9 

11 

-  2   2    7  14 
4    5  7 

21 

253 

11 

13 

—  1-3   8  15 

25 

299 

13 

It  will  be  observed  that  the  terms  of  the  series  113,  145,  119,  155, 
&c.  increase  by  2,  4,  6,  8,  .  .  (2  n).  In  the  column  of  the  sums  of  the 
roots  1,  5,  9,  13,  &c.  increase  by  4. 

1, — 3^  — 7^—11  decrease  by  4  ;  the  differences  of  the  roots,  if  arranged 
in  the  order  of  their  numerical  Talue,  is  always  the  same  throughout  the 
flcries. 

2Vb/^, — In  the  remainder  of  this  paper  every  odd  number  that  becomes 
a  term  in  any  of  the  series  is  expressed  by  tlie  roots  the  sum  of  whose 

memu  tbat  the  nnmber 


2,  3,  6,  8 


Bqiuures  form  the  number  itself; 

occupying  that  division  or  small  sqnmis  U3=(2'  +  3'  + G'  +  8-) ;  a  figure 
(or  collection  of  figures)  representing  merely  the  arithmetical  value  is  put 


bto.n  eirclci  thus: 


© 

2,  3,  6,  8 
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Haying  explained  the  construction  of  the  square  and  the  indices  whiVli 
belong  to  the  series  of  which  it  is  composed,  I  propose  to  poitit  out  tlxj 
properties  whicli  discover  the  roots  of  the  squares  into  wWidi  tlie  odd 
nambcrs  (which  are  found  iu  the  diderent  parts  of  the  s<j^uare)  may  be 
divided. 

If  the  first  odd  number  iu  the  square  Le  of  tlic  furni  (4  /)4-2)  .  n+l  (or 
2  ii+l,  6  n+l,  10  n+l,  14  n+  1,  &c.),     beiug  of  any  value  whatever^ 

the  {n-~p)ik  term  will  be 


tbese  are  the  rooti 


(the  number  itself  would  be  2  n' + 2  +  2  p  + 1 ) ;  and  as  the  index  of  the 
nth  term  is  »+(n— 1),  or  2n— 1,  the  index  of  the  (fi^|i)th  will  be 

2  «  — (2/)+ 1),  and  the  algebraic  sum  of  the  roots  may  be  made  equal  to 
the  index  ;  it  is  therefore  a  term  in  a  diagonal  series  [that  the  (n— |))th 
term  is  2  n^  +  2/>'  +  2;)  + 1,  will  appear  by  finding  in  the  usual  way  the 
(if~-;j)th  tmn  of  a  series  whose  first  term  is  (,4|i+ 2).  n+ 1,  and  the 
terms  of -whit  !i  incrcnse  by  4,  8,  12,  16,  &-c.  .  .  .  4  n]  ;  but  as  two 
of  the  roots  are  cquaJ^  n,  n,  it  is  the  first  term  of  a  Tertioal  aeries  descend- 

P-^^»P,  («-l).  "+1 

P-^\,P,  («-2),  n  +  2 

P+Up»  (n-3),  (n  +  3). 
I  call  this  term  (A)*  and  indicate  it  by  that  letter,  and  from  this  term 
the  roots  of  many  others  mmj  be  derived  (which  are  indicated  by  other 
letters  connected  with  A  in  an  invariable  manner),  whose  scfbares  will 
compose  the  number  that  belongs  to  that  term.  For  example,  counting 
2  />  +  1  squares  backwards  from  Aba  term  I  have  diatingjuished  aa  W  ; 
the  roots  of  the  number  bdonging  to  it  are 


p+  1,^>,  (n— 4  i>  +  2),  n 


Thcee  roots  may,  of  eoofse,  be  either  podtiTe  or  negatiTe ;  amngiiig 

them  Uiii%  — p+1,  — j>,  n,  — 4p+2,  n,  we  have  the  algebraic  sum  of  their 

roots  equal  to  2  n— 6p+3,  which  is  the  index  of  the  square  in  which  W 

is  found  going  backwards  from  A,  the  index  of  which  is  2  n  — 22>  +  l  (as 
already  stated)  ;  immediately  adjoiuiug  W  are  two  squares  which  I  have 
called  M  and  N  respectively. 
M  is  the  term  next  before  W,  and  is  composed  of  the  roots 


»-2i>+2,n-2jp+?,3p+2,j>+l 


Jil  ia  the  term  next  after  W,  and  consists  of  the  roots 

j  n— 2/>,  n--2i?,  3;j+1,  p 

Each  of  these  will  traverse  llie  sqiutrc  diagonally,  the  algebraic  sums  of 

*  8ee  Diagrams  Not.  S»  9»  and  4. 
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thiir  roots  being  equal  to  the  index  j  the  roots  of  W  may  also  be  obtnined 
from  A  by  taking  its  looto  down  vertkaUy,  making  n,  n  successively 
nTl,  «+2»  &c.,  until  the  square  is  reached,  in  which  the 
indfx  is  2  n+2 2»+ 1,  aod  2  n+2i>+ 1  being  the  arithmeticil  flmn  of  all 
the  mots  of  A;  A  here  becomes  a  tenn  in  a  series  which  moves  diagonally, 
and  oh  betng  carried  op  towards  the  left  will  give  the  roots  of  W.  When 
the  uidices  of  the  squares  through  which  this  vertical  series  psssca  eqnal 
2  n  + 1,  by  making  jj-f-  l,  p,  one  posit&Te  and  the  other  negative  the  term 
becomes  a  term  in  another  scries  which  moves  diagonally  upwards  towards 
the  left.  This  most  occur  both  when  the  index  canals  2  I  and  when 
it  equals  2  n+ 1 ;  and  u  the  indices  hicmse  downwards  uniformly  by  ^ 
it  follows  that  2  n^l  and  2  «+ 1  will  be  the  uidices  of  contigoous  terms 
of  the  vertical  series,  and  therefore  two  contiguous  terms  will  beoomo 
terms  of  series  moving  diagonally  upwards  to  the  lelij  and  as  these  two 
series  are  contiguous  to  each  other,  their  twms  found  in  the  fifsl  series 
(Lliat  is,  the  series  in  the  top  line)  will  also  be  eontigaons. 

These  two  terms  I  hate  designated  as  AM  and  AN.    AM  aomos 
from  the  term  where  the  Judex  equals  2n+l,  and  AN  from,  the 
where  the  index  equals  2  »— 1 ;  the  roots  of  AM  are 


0,2p+l,n-2jp+2,n, 


.those  of  AN  are 


0,  2j?+l,  n— 2i>,n, 


and  being  arranged  thus. 


— 2|>+1,  0,  n-2i>+2,  n, 


•2i>+l,0,  n— 2i>,  n» 


will  move  diagonally  downwards  to  the  left ;  and  as  each  of  these  have  two 
roots  that  differ  in  one  case  by  2j),  in  the  other  by  2p-^2,  the  terms 
in  these  series  that  are  parallel  to  those  terms  in  the  first  vertical  series 
which  have  their  external  indices  respectively  2  p  and  2p  +  2,  the  terms 
of  AM  and  AN  will  (I  say)  in  these  places  hreoTne  terms  in  series  mov- 
ing vertically,  and  on  being  followed  up  to  the  series  in  the  top  row  will 
be  found  to  give  the  roots  of  M  and  N.  The  roots  of  M  and  N  may  be 
obtained  bv  another  method  as  follows: — As  tlie  algebraic  sum  of  the 
roots  of  A  etpials  its  index,  therefore  A  is  a  term  in  a  diagonal  series 
moving  downwarrls  towards  the  left  ;  and  as  two  of  its  roots,  /),  p-hl,  differ 
by  1,  it  follows  that  whenever  the  value  of  n  has  been  so  altered  that 
2  n+1  equals  the  index  by  making  p-^l,]^,  one  positive  and  the  other 
n^ative,  the  term  becomes  a  term  in  another  series,  which  series  will  move 
at  right  angles  to  the  series  last  mentioned.  Now  taking  the  series  which 
moves  to  the  left  of  A,  it  is  clear  that  this  result  will  obtain  in  two  places  ; 
first*  when  the  altered  value  of  n  makes  2  1  equal  the  index,  and 
secondly,  when  the  altered  valuo  9C  n  m^k^S  Z  n+l  equal  the  index. 
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The  first  of  these  s^o'mg^  up  gives  the  roots  of  N,  the  second  gives  ihose  of 
AI,  and  these  roots  are  identical  with  tliose  obtained  from  AM  and  AN. 

The  index  of  A  is  2  ai—  2  p-{-  1,  therefore  when  n  in  moving  down- 
warda  becomes  n-^l,   , 


2n— 3 


2  u-3   +  l 


p-^lg  p  being  two  of  the  roots  of  eich  tem  in'  tbi»  leries ;  hy  adding 
to  the  first-mentioned  root  and  p  to  the  other,  these  two  terms  will 
be  ibiind  to  be  terms  In  two  horizontal  series,  of  whieh  the  fiist  terms 
are  in  the  fifst  Tertical  series^  and  these  tenns  both  of  them  make  the 
diagonal  index,  and  therefore  are  terms  in  a  diagonal  series  which,  rising 
towards  the  right,  give  the  roots  of  W* 

A  descends  diagonally  to  the  lefl,  and  on  each  side  of  the  line  whidi 
loads  to  W  changes  to  cross  diagonals  which  lead  to  M  and  N.  W  leads 
diagonally  to  the  left  to  R  and  S,  and  where  it  crosses  AT  changes  and 
goes  up  to  A.  M  goes  down  into  fi,  and  then  diagonallv  to  where  it  meets 
the  horizontal  series  from  T ;  its  roots  there  correspond  with  the  series 
firom  T ;  it  returns  to  T  and  up  to  A.  In  like  manner  N  goes  down 
throng  S  to  the  line  from  Y,  and  so  to  V  and  up  to  A.  R  and  S  goeach 
of  them  across  to  the  vertical  line  from  A,  and  so  up  to  A :  ereiy  term 
tfatoQi^  which  these  lines  pass  has  the  fonr  roots  indicated  whose  sq[iiam 
would  make  the  term. 

The  number  of  terms  in  the  whole  square,  whcNse  four  roots  may  be  ex- 
pressed in  term  of  p  and  n,  is  very  considerable ;  and  it  may  be  well  now 
to  present  some  skeleton  dingrams  of  the  many  ways  in  which  certain 
members  of  the  square  are  invariahhj  connected. 

1  propose  to  exhibit  several  (to  avoid  confusion,  which  would  arise  from 
putting  all  in  one  diagram)  ;  these  do  not  by  any  means  iiichide  all  the 
connexions  that  exist ;  but  whatever  may  be  the  value  of  n  or  a  number 
of  the  form        + 2).  n -f  1,  whether  it  be  2n+l,  10«+1,  ^c, 

and  whatever  be  the  value  of  n,  gives  the  following  results.  See  dia- 
gram No.  2.  At  the  {n—j}){\\  term  there  will  be  A,  which  descends 
vertically  till  the  index  i.s  '2/f— 1,  then  2/i-|- 1,  and  from  tlirse  rise  up  iu 
diagonals  AX  and  AM,  as  already  mentioned.  A  then  furtlur  descends 
till  the  index  la  equal  to  2n  +  2/)rf- 1,  when  it  ri^ie^  in  n  diagonal  to  W. 

Dias:ram  No.  3  shows  certain  connexions  bt  Uvet  ii  AM  aud  AX  and 

other  terms  in  ike  square.  AM  is  always  —  2j}+i,  0,  Ji— 2  |»-i-2,  tt, 
AN  is  always  — ^-j-T,  0,  n—2p,n. 

If  the  series  in  which  AM  is  a  term  be  carried  down  diagonally  till  0 
becomes  2p+l  (that  is  2/>+l  places),  it  become  a  term  in  a  diagonal 
series  that  intcsects  it  and  rises  to  the  top,  then  goes  down  to  the  hori- 
zontal series  from  R,  where  it  becomes  a  term  in  that  series  and  passes  to 
where  it  is  below  M  and  rises  vertically  np  to  iU  does  the  same  with 
respeet  to  the  series  from    and  rises  ap  to  N. 
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If  die  term  AM  deweiiat  till  ii-2p+2  «i2ji+l*  it  rises  to  the  left  in 
mother  diagonal  series  and  goea  on  till  It  crosses  where  it  is  fonnd  that 
the  roots  are  alwaya  the  same  as  thoae  whtdi  arise  from  K,  desoending  by 
means  of  its  two  equal  roots.  The  term  .VN  does  the  same  with  respect 
to^. 

If  AH  descend  to  the  margin  at  ojn,  and  one  step  further  into  an,  and 
AN  descends  to  an,  they  will  be  found  to  have  the  same  roots,  and  they 
wiUbe 

from  AM 

from  AN 

-2j?-i-l,  -l,it-2p+l,ii 

The  only  difference  being  that  in  the  one  case  1  is  positive,  in  the  other  it 
is  negatiTO ;  but  wbatem  be  the  Talne  of  |»  or  n,  in  thii  portion  or  term 
of  the  square  1  is  always  one  of  the  roots. 

In  crossbg  the  two  horizontal  series  from  R  and  S,  it  will  always  be 
found  that  at  the  points  of  intersection  the  roots  of  AM  correspond  with 
the  roots  of  the  aeries  from  B»  and  the  roots  from  AN  oorraqpond  with 
those  from  S. 

Diagram  No.  4  exhibits  the  way  in  which  B,  C,  P,  and  Q  are  connected 
together.  The  roots  of  A  at  the  (n— p)th  square  will  always  he  —(p+  I  )t 
— p,  n,  n,  and  j>+  \,p  must  be  one  of  them  odd,  the  other  e\'en  ;  therefore, 
whether  f»  be  odd  or  even,  an  odd  number  will  be  formed  by  — (p+  1)»  n, 
or  — n.  The  series  from  A  descending  diagonally  has  the  roots  n,  n 
decreasing^  but  the  negative  roots  increasing.  The  differences  will  con- 
tinue the  same ;  and  when  the  aeries  arrives  under  that  index  which  cor- 
responds to  the  odd  number  + 1 )  >t>  or  ^p,  ti,  it  becomes  a  term  in 
a  horizontal  series  which  goes  to  P,  two  terms  of  which  are  always 
j>,  p+I*  in  descending  diagonally,  has  its  index  on  reaching  PB  1. 
When  A  haa  descended  so  as  to  reach  the  even  number  of  the  two* 
(~'(p+  0«  ">  ~I^>  it  rises  in  a  vertical  series  to  Qs  and  the  three 
aeriest  WR,  BP«  CQ,  always  intersect  in  the  same  point  or  small 
square,  H. 

The  paper  then  exhibits  in  a  Diagram  (No.  5)  all  the  roots  which 
arise  from  applyuig  the  method  to  the  odd  No.  16 1«  and  shows  that  the 
toots 

of  A  would  be  3,    2,    IC,  IC 

ofW    „    3,    2,     6,  16 

ofM    ,  ".8,    3,    10,  10 

ofN     „    7,    2,    12,  12 

of  AiM  ,  5,   0,    10,  16 

of  AN  „   5,   0,   12,  16 

It  shows  the  roots  of  the  squares  marked  B,  C,  P,  Q,  Ry  S,  and  many 
others  j  and,  finpUy,  it  shows  that  IGl  would  be  composed  of  the  sqaarw« 
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of  die  IbUowing  T00ta»  either  3, 12,  2,  2,  or  10,  0,  5,  6 ;  liiit  to  let  forth 
the  mots  of  the  nnmhen  which  are  ia  Diagram  No*  1^  wonld  require  ft 
dlagnun  horger  than  oonld  conTemcntly  be  put  into  a  pablieation  of  the 
we  of  the  Ptoeeedingi.  The  rooU  10«  0,  5,  6,  if  arranged  thua,  — 10,  0, 
&t  6j  haie  1  for  thdr  nim  i  bat  it  waa  proied  m  the  former  paper  (aee 
p.  4 10»  Tkana.  Bey.  8oe.  Ibr  1361)  that  if  the  algebnde  earn  of  the  loota 
be  It  then  the  anmber  ii  the  doaUe  +1  of  a  Doaiber  eompoeed  of  3  tit* 
aagidar  nimiberib  ltfl=80x8+l»  andSOIaeonipeaedof  ihe3  triaDgnhr 
mtmbera  55^  15,  10.  If  theicibfe  anjniimber  be  doubled^  and  I  be  added* 
an  odd  nnmber  will  be  obtalned»to  whidi  the  aame  prooeai  majbe  applied 
aa  is  here  applied  to  16K 

I  have  stated  that  the  cause  of  the  snooess  of  "  the  meikod'*  (though  it 
does  not  at  present  amount  to  a  demonstration)  may  be  easQy  shown.  It 
aiisei^  first,  from  "  ike  meikod'*  requiring  every  odd  number  that  is  a  term 
in  any  of  fhe  series  to  be  represented  by  the  roots  of  the  square  numbers 
that  compose  it ;  and  secondly,  and  more  particularly,  from  every  series 
being  connected  with  at  least  six  others  of  a  different  kind  which  intersect 
it,  cadi  of  which  b  agam  connected  with  at  least  Atc  others,  so  that  when 
the  whole  network  has  been  pursued,  and  the  roots  which  in  anccesaion 
Ibrm  every  term  have  been  recorded,  it  will  be  found  that  many  diflbrent 
modes  of  difiding  each  term  into  ibur  squares  or  less  will  be  discovered, 
I.  e.  if  the  numbera  be  large*  I  propose  to  show  the  manner  in  which  the 
aeriea  are  apparently  interwoven  by  an  example  from  each  kind. 


Let  the  first  term  ia  a  horizoatal  series  be  22 


21 

3,  7,  13,  14 


Hitli  22  as 


the  index  ia  the  margin,  and  21  and  23  being  the  indices  of  the  diagonal 
series  which  pass  through  this  square ;  for,  except  at  the  top  line^  two 
diagonal  series  pass  through  every  square.  13  and  14  are  the  variable 
roots,  which  become  12, 16,  |  11, 16,  |  10,  17»  |  9,  IS,  |  &c.  |  in  the  sue 
oessive  terms;  when  in  the  second  term  14  becomes  15  (15+7^22), 
and  the  roots  are  3,  7,  12, 15,  a  term  in  the  series  which  would  come  down 
from  the  second  square ;  the  roots  in  that  square  wQl  therefore  be 
3,  12,  4, 4;  when  15  becomes  19  the  roots  will  be  3,  7,  8,  19,  and  the 
roots  at  the  top  will  be  7i  8,  8,  8 ;  so  when  15  becomes  25  at  the  tenth 
term  the  roots  are  3,  7,  2,  25 ;  and  as  —3, 25s22,  another  series  rises 
np  with  roots  of  the  first  term,  7,  2,  14, 14. 

13  diminishes  to  0,  and  then  increases,  giving  2  more  when  it  becomes 
15  or  19 ;  but  the  series  is  also  crossed  by  diagonal  series  ;  and  when  the 


is  37 


.  .    .       ♦  f  c  f  21  19  17  15  13,  &c.' 

mdez  m  the  two  rows  from  the  first  term  |  27  29  31  &c  ' 

(the  sum  of  all  the  roots),  or  31  (the  sum  of  the  variable  plus  the  dif- 
ference of  the  constant  roots),  or  1 7  (the  sum  of  tbe  vnrinble  roots  minus 
the  sum  of  the  constant  roots),  or  23  (the  sum  of  tlic  constant  roots  miuus 
the  difference  of  the  variable),  a  diagonal  series  arises.   Here  are  no  less 
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than  10  other  aeries  by  wbich  this  is  crossed  snd  associated  and  connected, 
and  the  number  caonot  in  any  case  be  less  than  6.  A  aerietof  the  second 
kind  pves  rise  to  other  series  crossing  it  in  the  same  manner  mutatis  mic- 
ftmdU,  which  result  is  so  obvious  that  it  is  not  nec^sary  further  to  dwell 
upon  it.  A  series  of  the  third  hind  has  all  the  diffisrences  ol  its  zoota  the 


same  in  euch  term.  Let 
the  to|>  row  of  the  system 


13 

-7,2,4,14 


be  a  term  in  a  diagonal  aeries  at 


Thns: 


11 

13 

15 

9  2  10 

0 

8.  13,  2,  2 

-7,  2,  4,  14 

6,  iu,  4,  4 

9 

17 

9    2  10 

« 

9     2  10 

2 

—8,    1,  3,  13 

-6,   3,  5,  15 

When  it  reaches  to  the  left  and  to  the  right*  the  second  place,  as  3—  1  =  2 
and  5— '3082,  it  furnislies  two  Tertical  series ;  at  the  tenth  row  it  furnishes 
two  more ;  at  the  twelfth  row  two  more.  When  it  gets  into  the  eolnmn 
whose  index  is  1 1  and  then  9,  before  it  reaches  the  margin  or  outer  edge* 
it  furnishes  two  horizontal  series ;  and  after  it  has  passed  the  maigin  at  9  mid 
1 1  it  furnishes  two  more,  and  at  21  it  furnishes  another.  Here  are  aix  new 
vertical  and  five  new  horizontal  series  $  besides  which  it  furnishes  at  least 
two  other  diagonal  aeries  which  cross  it. 

Having  stated  the  properties  which  belong  to  the  square,  if  the  first  odd 
number  in  it  be  of  the  form  (4/>  +  2).n4- 1,  and  that  whether  it  he  2ii+l> 
6n+ 1,  lOn-f- 1»  &c.,  or  whatever  be  the  value  of  n,  certain  squares  maybe 
found  which  I  dUtingmsh  as  A,  B,  C,  H,  P,  Q,  W,  M,  N,  AM,  AN,  R,  S, 
T,  y.  Sec,  which  are  connected  together  by  a  community  of  roots  where 
the  series  cross  each  other  in  a  manner  that  is  invariable. 

The  Diagram  No.  3  is  another  example  of  the  manner  in  which  certain 
of  the  terms  in  the  different  series  communicate  with  each  other,  by  the 
foots  being  common  to  both*  at  the  point  where  they  cross.  AM  passes 
dinr^onally  to  am,  down  to  an,  and  up  to  AN.  AN,  in  like  maimer^  goes 
down  to  an  and  up  to  am  and  AM.  If  tlie  first  term  of  the  squave  be  an 
odd  number  of  the  form  (4|>+2)  n+l,  the  roots  from  AM  are  in  an 
— (2i»+l),  1,  («— J5P+1),      The  roots  from  AN  are  -(2j>+ 1),  - 1, 

.    .                 ,                        /2n— ('l;>4-3)\ 
(n— 2/?+l)»  «•    The  indices  of  the  diagonal  series  are  l^j,  (4p4-l)/* 

and  the  algebraic  sum  of  the  roots  is  the  one  or  the  other,  according  as  1 
is  +  or  ~- ;  but  AM  also  passes  to  the  series  from  B,  and  AN  to  the 
series  from  S»  and  go  to  E  and  8,  and  thus  go  up  to  W.  AM  also  reaches 
the  vertical  line  from  M,  and  passes  up  to  M,  as  AN  does  to  N.  Lastly, 
AM  goea  to  N  thns,  and  AN  to  W  in  a  siroikr  manner.  Whatever  be  the 
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valiufof  ji  and  n,  these  connexions  ocQur,  but  the  form  of  them  varies 
with  the  viliiM  ofp  and  »• 

I  lutve  pcnnted  oat  mne  of  the  refidts'of  havmg  as  the  first  term  in  the 
flquare  en  odd  Dumber  of  the  form  (4/7+2),  n+ 1;  thefbrma  will  be2n+ 1, 
6ii+l»  I0ii+1>  Hft+I,  &c.,  in  which  I?  maj  be  0,  1,  2,  3,  ftc.  But 
there  is  another  form  which  giyee  nmilar  results,  viz.  4pn + (2p  -f  1 ),  which 
is  in  many  respects  the  convene  "  of  the  other ;  the  ibrms  will  be  4a + 3, 
8»+5k  I2ii+r»  16ii+9»  fte.   These  are  the  firH  term  to  which  this 


aystem  ^ves  rise.  The  (fi*-p*-  l)th  term  is  always 


In 


the  former  system  ii  produced  the  equal  roots  and  ji  the  unequal ;  here,  p 
produces  the  equal  and  n  the  unequal  roots,  and  1  call  the  (»— p— l)th 
term  A  as  in  the  other.  This  system  has  also  W  and  M  and  N  on  each  side 
of  it»  and  other  squares  similar  to  the  other,  but  the  roots  of  which  they 
are  composed  are  differently  formed,  M  and  N  come  from  below.  W, 
instead  of  being 


wiUbe 


-Bp,  p,  («-2p).  (n+l-2p). 


and  other  terms  are  similarly  altered,  but  the  general  result  is  the  same, 
A  specimen  of  a  square  of  this  form  is  given  in  Diagram  No.  8,  but  which 
camiot  be  reduced  to  the  siae  of  the  Proceedings,  where  andii»16; 


that  the  roots  of  the  4  squares  whose  sum  is  [UiOj 


5. 

13,  1, 

2 

-9, 

-3,  3. 

10 

1. 

10.7, 

7 

but  neither  in  this  Diagram  nor  in  Diagram  No.  5  is  the  whole  square  com- 
pleted (to  SToid  confusion) ;  bnt  if  the  series  be  traced  in  succession,  the 
entire  Diagram  6  would  be  filled  up,  and  every  term  would  disclose  tlie 
roots  whose  squares  compose  it.  In  this  manner  every  odd  number  in  all  the 
series  is  diTided  into  the  squares  that  compose  it  (not  exceeding  4),  the 
squares  being  indicated  by  their  roots. 

The  two  systems  of  (4/)4-2)xn+l  en4  4p*n+2p-\-l  include  every 
possible  odd  number;  4n-)-3  includes  every  alternate  odd  number  from 
3 ;  8n-)-5  every  fourth  number  from  5,  and  so  on  ;  2?!+ 1  includes  every 
odd  number ;  6i»+ 1  every  third  odd  number.  Many  odd  numbers  belong 
to  both  systems,  and  to  more  than  one  in  ench.  151  is  an  example ;  it  is 
either  I  ()»  + 1  (n  =  1 5),  or  it  is  1 2»  4-  7  (n  =  1 2).  The  paper  contains  a  Dia- 
gram (No.  9)  exhibiting  the  odd  number  151  as  belonging  to  both  systems  ; 
but  the  Diagram  cannot  be  reduced.  The  roots  of  the  squares  that  com- 
pose 151  are  (10.  1. 5.  5),  or  (3.  9.  5.  6). 
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Diflgiam  No.  7# 


There  is  an  interval  of  71  —  3^+3 
si^uarcd  iroui  the  1st  term. 


•in— 6p+4 
R 


2n— 6p+5 


Then  is  here  an  interval  of 
I)  squarefl  from  S  to  on. 


2i>— 4p+3 


n— 2jP+I,  « 


There  ig  here  an  intenral  of 
(p— 1)  squares  from  an  to  T. 


2fi— 2p-|-2 


2n— 2p 
V 


7i  —  1 ,  >? 


2n— 22>— 1 


This  Diagram  (No.  7) 
shows  iu  terms  of  n  and  p  the 
roots  of  R,  S,  an  (which 
comes  down  diagonallj  from 
AN),  T,  aud  V,  and  the 
number  of  squares  between 
them ;  the  relative  positious 
of  these  terms  depend  entirely 
on  p,  and  are  always  the 
same  for  the  same  value  of 

Terms  similar  to  these  in- 
crease indefinitely  as  «  in- 
creases. The  value  of  cer- 
taiii  roots  ia  independent  of 
«,  and  therefore  is  the  game 
for  every  value  of  it. 


*  [llie  namben  above  the  letteri  are  the  indiees  of  the 
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[May  3, 


May  3,  1866. 


Lieut.-General  SABINE^  President^  in  the  Chair. 

In  conformity  with  the  Statutes,  the  nimea  of  the  Candidates  re- 
commended for  election  into  the  Sodety  were  Mad  from  the  Chair,  aa 
follows : — 


The  following  commnnications  were  read: — 

I.  "  Report  on  the  Levelling  from  the  Mediterranean  to  the  Dead. 

Sea/'  By  Colonel  Sir  Henry  James^  R.E.,  F.R.S.  Received 
April  5,  i8GG. 

The  inatructions  for'levelUng  from  the  Mediterranean  to  the  Dead  Sen 
having  heen  received  after  the  party  had  arrived  at  Jeruaalem,  it  waa 
thon^t  best  to  level  in  the  first  place  from  Jerusalem  to  the  Dead  Sea 
during  the  cool  months*  and  to  complete  the  line  to  the  Mediterranean  at 
Jaffa»  when  the  party  were  on  their  way  home. 

But  in  describing  the  line  levelled^  we  may  aaanme  that  it  wis  made 
direct  from  Jafii  to  the  Dead  Sea. 

The  line  selected  waa  that  which  runs  across  the  maritime'  plain  direct 
from  Jaffa  to  Lydda,  three  milea  beyond  which,  on  the  road  to  Beth  Horon, 
the  line  tuma  to  the  right  by  Jiman,  Birfileeah,  and  Beit  Sira;  and  from 
thence  up  the  Wady  Suleiman  to  £1  Jib,  where  it  again  joina  the  old 
Roman  Boad  firom  Lydda»  by  Beth  Horon  to  Jerusalem.  But  at  about 
H  mile  on  the  north  road  from  the  Damascus  Gate,  the  line  tuma  to  the 
eastward  over  Mount  Scopus,  where  it  reached  the  altitude  of  2724  feet, 
the  height  of  the  top  of  the  laige  cairn  on  it  Thia  waa  the  higheat  point 
crossed  between  the  Mediterranean  and  the  Dead  Sea. 

From  Mount  Scopna  the  line  foUowa  the  high  ground  to  the  Mount 
of  Olives,  and  thence  takea  the  road  down  to  Bethany,  and*  followbg 
the  road  by  Khan  Hadhur  to  near  Jericho,  the  line  tnma  to  the  right 
within  about  a  mile  of  the  latter  place,  and  waa  carried  thence  acroaa 
the  plain  bordering  the  Dead  Sea  to  a  point  opposite  a  small  island  in  the 
tea  itself. 


John  Charles  Bucknill,  M.D. 
Rev.  Frederick  WiHiam  Fmrar. 
William  Augustus  Guy,  M.B. 
James  Hector,  M.D. 
John  William  Kaye,  Esq. 
Hugo  MuUer,  Ph.D. 


The  Ven.  John  Henry  Pratt,  M.X. 
Capt.  George  Henry  Richards,  R .  N, 
III  (in  us  Richardson,  Esq.,  M.A. 
William  Henry  Leighton  Russell, 


Charles  Murchison,  M.D. 
William  Henry  Ferkin,  Esq. 


Esq. 

Rev.  William  Selwyn,  D.D. 
Re?.  Richard  Townsend,  M.A. 
Heniy  Watta»  B.A. 
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Throughout  the  entire  length  of  this  line  hench  marks  ^       ^  have  been 

cut  at  intervals,  wherever  it  was  practicable,  on  the  fixed  rocks,  or  on  per- 
manent objects. 

The  following  is  a  list  of  the  bench  marks,  with  the  distances  between 
them : — 

List  of  the  Bench  marks  made  in  leveUing  the  line  from  the  Mediterranean 
to  the  Dead  Sea  in  March,  May,  and  June  1865. 


No. 


Place. 


1. 

2L 
3. 

4. 

5. 

6. 

7. 

& 

9. 

10. 

U. 

12. 

13. 
14. 

15. 

16. 
17. 

la 

19. 
20. 
21. 
22. 

23. 
31. 

25. 
26. 


Bethdagon 


Jimzu 


J&fia 


Yazur 


Lydds 


n 
tt 
tt 
If 

*r 
n 

11 
tt 


Dintanoe, 

in  ^nllAA 

and 

1  /■  1 1  a  ■  1 

Altitude. 

Where  cut. 

• 

0  0 

3-800 

mn  td\iiT\tmT% 

1  5831 
3  7056 

65735 
85-405 

5  5843 

91-435 

7  3157 

126-640 

9  0495 

143-030 

11  5922 

104-770 

1.1  rviiAfl 

i*i  \AXiO 

OTAa^  an/yiA  i\T  u.*<i11 

14  5194 

411005 

15  1714 

478725 

15  r495 
in  42?i4 
17  0548 

M9-000 
573UrJ5 
617-620 

18  (H79 

050-075 

18  7527 

19  5190 
21  7HtKj 
25  78-19 

20  5121 
27  3,  J92 

819-180 
747-865 
751  105 
1,157-530 
1,2:.  1-470 
1,423015 

30  .•«28 
30  7617 

2.fV'.l  oir> 

2.L  ■) 

33  5500 
37  1070 

2,419-505 
2,081-916 

Bcmarka. 


On  Uie  wall,  3800  feet 
above  level  of  the  Me- 
diterranean. 
On  gate  at  entrance  to 
town. 

On  tlie  fountain  near 

Jaffa. 
At  west  aide  of  road. 
At  the  ooHt  end  of  the 

village. 
At  the  west  end  of  the 

village. 
In   Sephoneya  village, 

near  lone  tree. 
On  a  lone  tree  on  mari- 
time plain. 
At  eiLst  end  of  Ljdda 

village. 
Ilalf  a   mile  west  of 

Jinizii  village. 
In  ruad  at  tiiraahing 

floor,  Jimzu. 
On  Hide  of  road,  top  of 
hill. 

On  road,  top  of  hill. 
West  side  of  road. 
Side  of  road,  and  junc- 
tion of  Wady. 
At  junction  of  road  to 

BirOlleya. 
Eivft  flide  of  road. 
On  side  of  road. 
In  centre  of  road. 
On  side  of  road. 
On  side  of  road. 
Comer  of  garden  wall 

in  Wady. 
South  side  of  Htroam. 
Entrance  to  Wady  Su- 

lieman. 
Eutit  side  of  road. 
Near  trigonometrical 
station,  Jerusalem 
Survey. 
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Table  (eoniiHued), 


No. 


17. 

31. 
32. 


'XX 
'M. 

35. 

30. 
37. 

38. 

30. 

44). 
41. 
42. 
43. 
14. 

45. 
44;. 
47. 

48. 
40. 
50. 
51. 
52. 
53. 

54. 


55. 


Place. 


Mount  Soopua 


I)istjlT\L'0, 

in  :\lilr.. 

iuid 
Links. 


Altitude. 


Whsre  out 


•I 


11 


Mount  Olivet 
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On  cjiist  fside  of  road 
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It-  Vi.'.i.-."'. 
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IToight  of  D<\  ul  SfiA  on 


At  the  distance  of  3J  miles  beyond  Khan  Hadhar,on  the  road  to  Jenelio, 
the  level  of  the  Mediterranean  was  crossed,  and  from  thence  towarda  the 
Dead  Sea  the  levels  are  marked  with  the  negative  sign. 

On  the  12th  of  March,  1865,  the  party  reached  the  Dead  Sea,  when  its 
letel  wia  found  to  be  1292  feet  below  the  level  of  the  Mediterranean  ;  but 
from  an  examination  of  the  drift  wood  on  the  shore,  it  was  ascertained  that 
at  some  time  of  the  year,  probably  after  the  winter  freshets,  the  water 
21  feet  higheri  which  wonld  make  the  least  depresiioii  1289*5. 
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tvm  inquiry  amongst  the  Bedooini  niil  Baropean  tetidenU  in  Paiestinab 
it  waa  aaoertalnad  that  daring  the  early  siimnier  the  level  of  the  aea  falla 
it  leaat  6  feet  hdow  the  level  at  whiek  it  atood  on  the  d«f  the  levelllug  was 
takeot  which  wodd  make  the  depieosion  1298  ftet ;  and  vre  may  oondnde 
that  the  nuadmnm  depiession  at  no  time  eioeeds  1300  feet.  Lieut. 
Symonds,        in  1841,  made  the  depresdon  1312*2  feet 

The  aonndiii^  m  the  Dead  Sea  hy  Lieut  Yignea  of  the  French  Navy, 
gave  a  madmnm  depth  of  1148  feel»  makiog  the  depteision  of  the  bottom 
of  the  Bead  Sea  2446  ifeet  beknr  the  level  of  the  Mediterranean.  The 
aoonduigs  in  the  Heditomnean,  midway  between  Blalta  and  Candia»  by 
Gaptam  Spratty  B.N.,  gave  a  depth  of  13,020  ftet,  or  a  depression  of  the 
bottom  five  times  greater  than  that  of  the  bottom  of  the  Dead  Sea. 

The  levelluig  was  eteeuted  by  two  mdependent  observen,  and  f^m  a 
compaiison  of  the  two  sets  of  levelling^  it  is  certain  that  the  levels  have 
been  obftahied  with  absolnte  aocoiacy  to  within  3  or  4  indies* 

The  establishment  of  a  ehain  of  levela  acioas  the  conntiy  with  bench 
marks  ent  on  so  many  points^  cannot  but  prove  of  tiie  utmoat  importance 
for  ai^  fiitore  investig^tionib  or  for  anymore  extended  anrvcyi  in  Palestine, 
audi  aa  are  contemplated  by  the  Society  which  haa  been  formed  since  this 
laryey  was  made^  "for  the  accmate  and  systematic  investigation  of  the 
arcLa  ology,  the  topography,  the  geology,  and  phyiiesi  geography,  &c«  of 
the  Iloly  Landf  for  Biblical  illustration" 

For  the  surv^  of  Jerusalem  itself,  it  was  of  the  utmost  importance,  as 
it  enabled  us  to  connect  all  the  levels  in  and  about  the  city  with  the  level 
of  the  Mediterranean,  and  to  harmonise^  so  to  apeak,  all  the  levela  which 
have  been  taken. 

II.  **Not6  on  the  AmyUComponnda  derived  from  Petrdleitm.'' 
By  C.  SoHOBLBMmn.    Communicated  by  Pkoiiesaor  Eoacon* 

Received  April  26,  1866. 

In  a  former  communication  I  have  shown  that  the  hydride  of  hrptyl 
obtained  from  petroleum  has  a  higher  specific  gravity  than  its  isomers 
cthyl-amyl,  and  hydride  of  heptyl  from  azelaic  acid.  The  same  is  tlie 
case  with  their  derivatives,  and  some  of  these  isomeric  compounds  also 
show  considerable  differences  in  their  boiling-points  *.  I  could  not  com- 
pare the  different  hcptyl-compounds  which  I  prepared  with  those  of 
heptyl-alcohol  formed  by  fermentation,  as  the  latter  substance  is  very  little 
known,  nnd  I  therefore  considered  it  interesting  to  compare  the  amyl- 
coiiijiounds  from  fusel-oil  with  those  obtained  from  petroleum.  From  the 
latter  substance  I  prepared  a  considerable  quantity  of  pure  hydride  of 
amyl,  which  boiled  constantly  at  33^-35°  C.  ;  and  I  did  not  succeed  in 
lowering  the  boiling-point  any  further.  From  this  hydride  other  amyl- 
compouuds  were  obtained  in  exactly  the  same  way  as  the  heptyl-com« 

*  Proc  fioj.  Soo.  ToL  xir.  p.  4Gii, 
VOL,  XV.  N 
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lore.  0-8;77  at  20° 
140^  C.  0*8752  at  l^" 
If^C.       0-8199  at  t4«* 


gnatMt  aaiar  aad  thair  upacaib  gmvitiai  and  boOuis-pobta  eompared, 
under  aiaatly  the  aame  oinmrnftaac^a,  witK  the  oonpowida  prepared  from 
petroleom.  The  reaolta  af  thii  infaatigatKm  aia  contauiad  m  the  follow- 
ing Tabla.}— 

From  fustl'  oil.  From  petroleum . 

 BoiUl]f-poiat»  SpeomagKanly.     3oiling-point.      Specific  gravity. 

34°  C.  0-fi2fi3atl7° 

C,H,;C1       101°  C,   0-8750  at  20° 

C*  n"o  }  ^  0-8733  at  15' 

h',  O       132»  C.    0*8148  at  M** 

It  appears  from  this  Tabic  that  the  boiling-points  of  tho  same  com- 
pounds agree  perfectly,  and  that  the  specific  graviti(?s  show  only  very  small 
diiFerences,  those  of  the  substances  obtained  froni  petroleum  being  a  little 
higher.  This  is  easily  accounted  for  by  an  admixture  of  higher  boiling 
compounds,  which  towards  the  und  of  the  distillation  rai«e  the  boiling- 
p<^t8  a  little,  and  which  cannot  be  removed  completely,  even  by  long- 
COntiniied  rectifications.  The  amyl-compouuds  from  petroleum  and  those 
from  fbiel-oil  are  tiierefore  identical. 

IIL  "  On  a  New  Series  of  Hydrocarbons  derived  from  Goal-tar.'' 

By  C.  ScHORLEMMER.  Comiuiuiicuted  by  Professor  RoacoE. 
Received  April  26,  18GG. 

The  lio-ht  oils  oi)tained  by  the  dcstmctive  distillation  of  Cftnnel-coal 
at  a  low  temperature,  contain,  besides  the  In  drocnrhdn?;  of  tlio  nnirsh-2;a8 
and  benzol  series,  other  snhstnnrr^-,  which  arc  attaclced  by  concentrated 
sulplmric  acid.  If  tlie  oil,  which  has  been  rejiratcdlv  shaicen  with 
this  acid,  be  snbjectcd  to  distillation,  the  hydrocarbons  which  are  un- 
acted upon  volatilize  iirst,  and  a  black  tarry  liquid,  equal  iu  bulk  to 
about  half  the  crude  oil,  rennuns  behind On  heating  this  residue  more 
Btrougiy,  a  brown  oil,  liaying  an  uiij  leasant  smell,  comes  over  at  about 
200°  C.  -f  the  teniperature  rises  L^radnallv  up  to  300°  C,  and  at  last  a  black 
pitchy  mass  is  left  in  the  retort.  Even  alter  repeated  rectifications  the 
oil  always  leaves  a  solid  blnck  residue  behind,  and  it  was  only  by  con- 
tinued fractional  distillations  over  solid  caustic  potash  and  metallic  sodium, 
that  I  succeeded  in  isolating;  substances  possessing  nearly  a  constant 
boilinj^-point  and  volatilizing  ahno^t  completelv.  Tlie  compounds  which 
I  thus  obtained  from  Cannel-coal  oil,  boiling  below  120^0.,  are  hydrocarbons 
of  the  general  formula  (0,  H  „  )  ,  as  the  foUowii^  analyses  and  deter- 
minations of  the  vapour-densities  show 

*  The  boiling-])ojni  of  acetate  of  amyl  is  given  very  differently  by  diffemit  ohserrrrt 
(CaluMirs  found  125",  Landolt  J;W-  I;U  ;  Pog^.  Ann.  vol.  crxH.  p.  554).  My  ob- 
aervation  agrees  i)erftv-tly  with  tl  if  ot  Wftoklyu  (Chem.  Soc  Jouhi.  (2.)  iii.  p.  30). 

t  Jouxn.  Ckem.  Soc.  vol.  xv.  p.  420* 
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( 1 )  C,,      boiling-point  2 1 0°  C. 

(a)  0*268  SUbltanoo  g«Te  ©•840  carbonic  acid  and  O  'JnO  water. 
(0)  0*1978  mbttaBce  gave  0-635  carbonic  acid  and  0  2 195  water. 

Calculated.  Found. 

C..   144    87-8  87-44  87*55 

....    '20     12-2  12'30  12'32 

164   lOO'O  99-74  99-87 

Globe  witli  air   5*547 

Temperature  of  air   1 7^  C, 

Globe  with  vapour   5*730 

Temperature  on  sealing  . .   250°  C. 

Capacity  of  globe    6.i  U  cubic  centims. 

Calculated.  ^  Found. 

6-68  6-98 
The  residue  in  the  globe  liad  a  browa  colour,  the  oil  not  hein-  <  otnplctely 
Tolatile  ;  til  is  accounts  lor  tiie  difference  between  the  calculated  and  iound 
vapour-densities. 

(2)  C„        boiling-point  210^ 

0-107  substance  gave  0*343  carbonic  acid  and  0*]  lO.")  water. 

Calculated.  Found. 

C,,   168     87*5  87-42 

 _24      12-5  12-40 

192    100-0  99*82 
(«)  Wil-ht  of  globe  »  3-354 

Teiiipcrature  of  air   10°-5C. 

Gltibi'  with  vapour   3*5745 

Temperature  on  sealing..  280''C. 

Caj)acity  of  globe   67*6  cub.  centima. 

(6)  Weight  of  e^IoIjp   3-286 

Tt  :n  |K  rature  of  air . . , . , ,     7°  C. 

Globe  witli  vapour   3-4665 

Temperature  on  sealing  . .     2/0"'  C. 

Capacity  of  globe    d5*2  cub.  centimi. 

Pmiiid. 

Calculated.  a.  b. 

6*65  70(3  7-02 

The  liquid  remaining  in  the  globe  had  alao  in  both  caaea  a  brown  colour. 

(^)  C.eH„»  boiling-point  280^0. 

0-152  sttbatauce  gaye  0*4885  carbonic  acid  and  0-1 74  water. 

Calculated.  Found. 

C„   192     87-27  87-11 

 ._28     ^-73  J2-72 

220    100*00  99*83 

n2 
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These  hydrocarbons  are  colourless,  oily,  strongly  refracting  liquids, 
lighter  than  water,  and  possessing  a  faint  peculiar  smdl,  resembling  that  of 
the  roots  of  Daucu*  earota  or  FaeHmaea  eoHva,  I  have  obtained  them 
in  amall  quantities  only,  and  could  study  their  leactioat  therefore  only 
incompletely.  They  oombino  with  bromine  with  a  hisaing  noises  and  if 
the  reaction  is  not  moderatedt  the  liquid  blackens  and  hydrobromie  add 
is  evolved  i  but  by  keeping  the  substance  well  cooled,  and  by  adding 
the  bromine  Toy  carefully,  nearly  colourless,  heavy,  oily,  sweet^imeUing 
bronuncocomponnds  are  obtamed,  without  the  formation  of  hydrobromie 
add.  These  are  Teiy  easily  decomposed  by  heating;  charry  matter  sepa* 
rates  on^  and  hydrobromie  add  is  given  off  even  below  the  boiling-point 
of  water.  Fhmi  the  hydrocarbon  C^^  alone  I  obtained  a  soffident 
quantity  of  the  bromide  for  analysis. 

0*3715  subsUncegave  0*3605  bromide  of  silver  and  0*0123  metallic  silver. 

Csleeiated  Unr  Found. 
^14  B'f 

45*45  per  cent.  Br.        43*7  per  cent.  Br. 

As  it  was  impossible  to  purify  the  small  quantity  of  bromide,  the  dif- 
erence  between  the  found  and  calculated  quantities  is  easily  accounted  for. 

Concentrated  nitric  add  dissolves  these  hydrocarbons,  much  heat  being 
evolved ;  on  diluting  the  acid  solution  with  water,  yellow,  heavy,  thick 
dly  nitro-compounds  separate,  which  have  a  faint  but  peculiarly  unpleasant 
smell.  By  heating  these  nitro-componnds  with  tin  and  hydrochloric  acid, 
a  portion  is  converted  into  a  black  tarry  mass^  and  the  solution  contains  a 
considerable  quantity  of  chloride  of  ammoniumi  and  a  small  quantity  of  a 
hydrochlorat^  which  can  be  obtained  as  a  crystalline  deliquescent  mass 
by  evaporating  in  tfoeuo.  On  concentrating  the  solution  in  the  air,  decom* 
position  takes  place,  a  violet  substance  being  formed.  By  adding  caustic 
potash  to  the  solution  of  the  hydrochlorate,  a  dark  oily  base  separates, 
which  quickly  oxidizes  into  a  black  tarry  mass.  Platiuic  chloride  produces 
at  lirst  no  precipitate  in  the  concentrated  solution  of  the  hydrochkurate, 
but  after  a  few  minutes  a  dark  violet  tar  separates. 

I  could  not  succeed  in  obtaining  crystallized  double  chlorides  of  tin  or 
zinc. 

If  these  hydrocarbons  arc  licntcdwith  a  concentrated  solntiori  of  bicliro- 
mate  of  potassium  and  8uli)liuric  acid,  carbonic  acid  is  evolved,  a  strongly 
acid  liquid,  on  which  an  oily  layer  swims,  distils  over,  a  resinous  sub- 
stance remaliiinp;  in  the  retort.  As  I  did  not  obtain  any  of  the  pure 
hydrocarbo!!^  in  bullicient  quantity  to  study  their  separate  products  ot*(>\i- 
datiou,  I  took  all  that  remained,  together  with  the  intermediate  distillaf  rs, 
and  the  oil  boiling  above  UbO^  C,  which  hud  been  previously  well  purified 
by  rectification  over  sodium.  After  oxidalion,  ihu  distillate  was  neutralized 
witli  carbonate  of  sodium,  the  oil  b(  in^  left  uudissolved.  This  neutral 
oil,  which  has  an  ethereal  smell,  and  boils  between  2(HJ'and  30{f  C,  gave 
on  analysis  84  9  per  cent.  G  and  ii'S  per  ceut.  11;  it  coubists,  therefore. 
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of  non-oxidized  hydrocarbons,  contaming  a  finall  qnantirv  of  an  oxygen- 
compound.  The  solution  of  the  sodium-salt  was  evaporated  on  the  water- 
bath,  the  residue  distilled  with  diluted  sulphuric  acid,  and  the  distillate 
rectified.  It  smelt  strongly  of  acetic  acid,  and  also  slightly  of  hatyric  acid. 
By  neutralization  with  carbonate  of  sodium,  a  crop  of  crystals  of  acetate  of 
sodium  was  obtained,  which  were  converted  into  the  crystallized  sUrer- 
salt. 

U-  i  J 35  of  this  salt  gave  0*8G  1  of  silver. 

Gnloulaicd  for  '  Found. 

64'57  per  cent.  Ag.  64*50  per  c6iit.Ag. 

The  syrupy  mother-liquor  of  the  sodium-salt  gave,  with  nitrnfe  of 
silver,  a  white  precipitate,  which,  on  boiling  tlie  liquid,  decoinjiosed  with 
effervescence  and  separation  of  metallic  silver,  showing  the  presence  of 
formic  add ;  from  the  filtered  liquid  small  warty  crystals  of  a  silver-salt 
separated. 

O'ldM  of  thit  Bdt  g«?e  0*842  of  silver,  or  64*1  percent.  Ag. 

The  mother-liquor  gare  on  eraporation  again  crystals  of  acetate  of  silver. 

0*2196  gave  0*1418  nlver»  or  64*66  percent. 

The  volatile  adds  produced  by  the  oxidation  of  the  hydrocarbons  are 
therefore  carbonic  addt  acetic  acid,  formic  tuad,  and  perhaps  a  trace  of  an 
acid  richer  in  carbon. 

The  resinoiis  snbstanee  left  in  the  retort  is  an  acid  which  dissolves  in 
caustic  potash,  and  is  precipitated  firom  this  solution  as  a  brown  greasy 
substance^  easily  soluble  in  alcohol.  The  alcoholic  solution,  neutralised 
with  ammonia,  gave,  with  nitrate  of  silTer,  a  white  flocculent  precipitate  of 
a  silver-salty  which  dried  into  a  brown  resinous  mass,  not  fit  for  amdysis. 

As  these  hydrocarbons  were  obtained  by  the  action  of  sulphuric  acid  on 
coal-tar  oils  boiling  below  120^,  and  as  they  differ  by  C,  H^,  it  appears  to 
me  almost  certain  that  they  are  polymers  of  the  hydrocarbons  of  the 
acetylene  series,  G»H|«.s,  formed  in  the  same  way  as  dlamylene  is 
formed,  by  treating  amylene  with  sulphuric  acid.  The  products  of  oxida* 
tion  are  also  in  accordance  with  this  view. 

In  order  to  test  this  theory,  I  have  made  some  experiments  with  the 
two  isomers  Hj^,  namely,  diallyl  and  hexoylene.  By  acting  with  sul- 
phuric add  on  these  compounds,  I  obtained,  besides  large  quantities  of 
tarry  matter,  polymeric  modifications  boiling  above  200^,  having  a  smell 
similar  to  the  hydrocarbons  described  above^  giving  also  similar  nitro- 
compounds ;  but  the  quantities  which  I  got  were  not  large  enough  for  a 
more  exact  examination. 

The  sulphuric  add  which  was  used  to  purify  the  coal-tar  ofls  contains 
an  organic  substance  in  solution,  which  can  he  isolated  by  neutralising  the 
add  liquid  with  carbonate  of  caldum,  filtering,  evaporating  to  dryness  in 
the  water-bath,  extracting  the  residue  vrith  alcohol,  and  evaporating  the 
alcoholic  solution.  It  forms  a  yellow  amorphous,  mass,  which  has  a  fai»t« 
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b{tler>  ind  attriogeBt  tMte.  A  sabitaiioe  with  txaedy  the  same  properties 
was  obtaioed  from  the  add  which  was  used  to  act  upon  the  hydrocarbons 

■  I  am  at  present  engaged  upon  eirperiments  ta  Isolate  the  hydrocarbons 
CnHav-a  contiined  in  cosl-tar« 

IV.  The  Calculus  of  Chemical  Operations ;  Ixuug  a  Method  for 
the  Investigation,  by  means  of  Symbols,  of  the  LaAvs  of  the 
Distribution  of  AVciglit  in  Chemical  Chancro.  Part  I. — On 
the  Construction  of  Ciicmical  Symbols.'^  By  bir  B.  C.  Brodie, 
Bart.,  Jb\R.S.,  Professor  of  Chemistry  in  the  University  of 
Oxford.   B«ceiT6d  April  25^  1866. 

(Abstract.) 

la  chemical  transformations  the  alisolufo  weight  of  matter  is  unaltered, 
and  every  chemical  change,  as  rf'p;anl^  \vt  igiit,  is  a  change  in  its  arrange- 
ment ami  distribution.  Now  this  disUibution  of  weight  is  subject  to 
numerical  laws,  and  the  objeet  of  the  present  nicthod  is  to  facilitate  the 
study  of  tbcso  laws,  by  the  aid  of  symbolic  processes.  The  data  of  the 
»  chemical  i  ;il<  u!n<?,  as  indeed  of  every  other  application  oi"  syniljols  to  the 
investigation  uf  natural  phenomena,  are  supplied  by  observation  and  ex- 
periiiK  111 ;  nud  its  aim  is  simply  to  deduce  from  these  dnta  the  v;irif)U8 
conseqiiLnces  which  may  be  inferred  from  them.  The  province  of  such 
a  method  commences  where  that  of  experiment  terminates. 

This  part  comprises  the  consideration  of  the  l'uii(IauieiitAl  principles  of 
symbolic  expression  in  chemistry,  and  also  the  ajiplication  of  the  method 
to  the  solution  of  perhaps  the  most  important  of  all  chemical  problems, 
namely,  the  question  of  the  true  composition,  as  regards  weight,  of  the  units 
of  chemical  substances. 

Section  I.  In  the  first  section  certain  definitions  are  given  of  those  weights 
and  relations  of  weight,  of  whieh  the  symbols  are  substfjuciitly  considered. 
1l  uiay  be  regarded  as  containing  an  analysis  of  the  subject  of  chemical 
investigation.  The  definitions  are  of  "  a  chemical  substance,*'  *'  a  weight,** 
"a  single  weight,**  **  a  group  of  weights,**  "identical  weights,"  "a  com- 
pound weight,"  "a  simple  weight,"  and  **an  integral  couipuund  weight." 

The  unit  of  a  chemical  substance  is  defined  as  that  weight  of  the  sub- 
stance which  at  0°  Centigrade,  and  7G()  niillims.  j)ressure  and  in  the  con- 
dition of  a  perfect  gas,  occupies  the  volume  of  1000  cubic  ccutimetres« 
This  volume  is  termed  the  unit  of  space. 

Section  II.  The  second  section  treats  of  symbolic  expression  in  chemistry. 
A  "chemical  operation"  is^defiued  as  an  operation  of  which  the  result  is  a 
weight.  These  operations  are  symbolized  by  letters,  x,  y,  &c.  An  inter- 
pretation is  assigned  to  the  symbols  4-  ^"d  — ,  as  the  symbols  of  aggregatioii 
and  segregation,  that  is,  of  the  mental  operations  by  which  groups  are  formed. 
The  symbol  =  is  selected  as  the  symbol  of  chemical  identity ;  the  symbol 
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0  as  the  symbol  of  the  ahs^nce  of  a  weight,  this  aymhol  heing  identical 
with  X—*.    Thesyiiihol  h  the  symbol  ot  two  weights  coUectiveiy 

considered,  and  as  constituting  a  whole. 

The  fTmbolfl  jry  and  -  are  selected  as  the  ajmbols  of  oofflpomid  weighta^ 

y 

and  it  is  proied  that  with  thia  iutarpretatioa  these  symbohi  are  subject  to 
the.  eommatatife  and  dbtiibalife  law8» 

and  also  to  the  index  law, 

Seotfeii  IIL  tieata  of  the  propertiea  and  intnpretatioD  of  the  chemical 
ajmhol  1,  whieh  is  aeleeted  aa  the  qrmbol  of  the  aobjeet  of  chemical  opera- 
tionab  bsbmIj,  the  unit  of  apaoe.  With  thia  interpretatioii  the  chemical 
aT&ibol  1  haa  the  property  of  the  niimerical  ajmbol  I  gnen.  in  the  equa^ 
HaaMlmM, 

SeetioalV.  Cbemieal  fTmbola  aie  beie  ahowD  to  he  anhjeet  to  a  special 
ajmholitlaw,  given  in  the  equation 

ay««+y. 

This  property,  by  which  chemical  aymhola  are  diatinguiahed  from  the 
spnbda  employed  in  other  ajmbotic  methods,  ia  termed  the  '*  Icgarithmio  '* 
piopertj  of  these  symbols.  A  conseqnenoe  of  thia  property  is  that  Osl^ 
and  that  any  nombw  of  numerical  aymbola  may  he  added  to  a  chemical 
lonetioo  iritliout  alliiBting  its  interpretation  aa  regards  weight, 

Sectiail  Yt  relatea  to  the  apedal  propertiea  of  the  symbols  Of  Mtilple 
weight«i  wlii^  are  termed  prime  fiietors,  from  their  analogy  ^  the  prime 
fiietofs  at  nnlnbets.  These  aymbola  differ,  liowever,  from  theiM  flutort  in 
tha<»  like  the  nomerlcal  symbol  1,  they  are  incapable  of  partition  aa  well 
aa  of  difisioa*  which  is  a  consequence  of  the  condition  aya«««f 

The  symbol  of  the  unit  of  a  chemical  sabstance,  expressed  aa  a  function 
of  the  simple  weighta  of  which  it  coosiatsy  is  identical  witH  the  symbol  of  a 
whole  number  e3[pressed  by  means  of  its  prime  fiwtor,  o%  b*^,  c^i.  .  .  .  A 
general  method  ia  given  for  diaooTering  the  prime  ihctors  of  chemical 
symbols. 

Section  YI«  is  en  the  oonstructiofi  of  chemical  equationa  from  experi- 
mental data. 

Section  YII.  On  the  expression  of  chemical  symbols  by  means  of 
prime  factors  in  the  actual  system  of  chemical  equations.  The  object  of 
this  section  is  to  prove  that  the  units  of  weight  of  chemical  substance!  are 
integral  compound  weights,  and  to  disoover  the  aimpleat  expresalon  for  the 
lymbols  which  is  consistent  with  this  assumption. 

Such  an  expression  cannot  be  effected  unless  some  one  symbol  be  de* 
termined  from  external  considerations.  The  unit  of  hydrogen,  therefore, 
is  asstirned  to  consist  of  one  simple  weight,  its  symbol  being  expressed  by 
one  prime  factor^  <h  which  ia  termed  the  modulus  of  the  symbolic  system. 
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Thh  Msertion  is  the  cxpreflrion  of  a  hjpotlieiii  wbidi  may  be  proved  or 
disproTed  by  facts,  and  tbe  eonsequencea  of  which  are  here  .traced. 

The  symbols  of  the  elements  are  considered  In  three  groups.  1.  The 
symbols  of  the  elements  of  whieh  the  density  in  the  gaseous  condition  can 
be  experimentally  determined,  and  which  ibrm  with  one  another  gaseona 
combmations.  2.  The  symbok  of  carbon,  boron,  and  silicon.  3.  The 
symbols  of  other  elements,  which  are  determined  with  a  certain  probability 
by  the  aid  of  the  law  of  Dulong. 

For  the  method  of  constrocting  these  symbols,  which  depends  upon  the 
solution  in  whole  numbers  of  certain  simple  indeterminate  equations^  wo 
must  refer  to  the  memoir  itself. 

The  following  symbols  may  serve  as  an  illustration  of  the  general 
results:— 


Name  of  mibttMiee. 


... 


••• 
••• 


Hjdfogen,.* 
Oxygen  .... 
Water      ...  ,.. 
CUorino  ••• 

Hydrochloric  aoid 

Oxide  of  chlorine   

HypochlorouB  acid  

Teroiido  of  chlorine.  

Chlorous  ncid  ...    ...  ... 

Chloric  acid   

Nitrogen   ...  ... 

Ammonia   ,„ 

Protoxide  of  nitrogen  ... 
NMvlle  of  munoniiini  ... 

Clilorirlc  of  atniWOtlimw  ... 

Phoflphortis  ...   

Yhotphide  of  hydrogen  . . . 
Pentachloride  oi'  phofphonis 
Twcbloridc  of  plio«»pl  onis 
Os^chloride  of  phoephorus 
Oarbon     .t«         ...  ... 

Aoe^lene  ...         ...  . ...  . 

...   ...  ... 

AlC(MK  '  «..    •..    ...  ... 

Ether ».«    «.. 

isSafif?^**   

Trichloraootio  aOW 
Hydrocjanic  acid 
pyanogen  


••• 
••• 
••» 
... 
... 


... 
... 
... 


... 
... 


... 
... 


... 
... 


... 


... 
... 


... 


Prime  factor. 


••• 


a 
< 
X 

f 

r 


.1. 


^2 

mr 
«V|f 

«vc 

ttVK 


Absolute 

weipht  in 
grauuues. 


0069 
0716 
1*543 

or>8i 
i-.m 


BdatiTe 
weii^bt. 


1 
8 

17-SS 

6-5 
15 
0 


0069 

1 

1-430 

16 

0804 

9 

3173 

S5*5 

10.31 

18-25 

43-5 

2-34G 

26-25 

5-319 

69-5 

30G2 

34-25 

3-777 

42-25 

1*251 

14 

0-700 

85 

1-966 

22 

2*800 

S2 

2-391 

26-75 

TrMl 

62 

1-519 

17 

9-319 

104  25 

01 45 

68-75 

6-869 

76-75 

0-636+y 

i-n;i 

13 

0-704 

8 

2-056 

23 

3-i^l8 

37 

4-550 

51 

2C»82 

30 

6146 

68-75 

l-:i07 

13  5 

2-324 

26 
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Section  YIII.  Certain  apparent  exceptions  are  considered,  in  which  it 
is  noi  found  possible  to  express  the  symbols  of  chemical  substances  by 
aieans  of  an  integral  number  of  prime  iincton^  oonnttently  with  the  as- 
Bumption  of  the  modulus  a.  • 

The  Society  then  adjonined  to  Thnndayt  May  1 7« 

May  17, 1866. 
Lieat.-Gener8l  SABINE,  Piealdent,  in  the  Chair. 
The  following  communicationB  were  read : — 

I.  "On  the  Motion  of  a  Uigid  Body  moving  freely  about  a  Fixed 
Point."     By  J.  J.  Sylvester,  LL.D.,  F.R.S.    Kccfcivcd  Apnl 

The  nature  of  the  present  brief  memoir  will  be  best  conveyed  by  my 
giving  a  succinct  account  of  the  principal  results  wliicli  it  embodies,  in  the 
f>r(ler  in  which  they  occur.  The  direct  solution,  in  its  present  form,  of  the 
iniportaut  problem  of  the  motion  of  a  rigid  body  acted  uu  by  no  external 
forces,  originating  in  the  admirable  labours  of  Euler,  has  received  the  last 
degree  of  finish  and  completeness  of  which  it  is  susceptible  from  the  powerful 
analysis  of  Jacobi ;  in  one  sense,  therefore,  it  may  be  said  that  the  discussion 
is  doeed  and  the  qoeation  at  an  end.  Notwithstanding  this,  in  the  mode  of 
coDMiving  and  representing  the  general  diaiacter  of  the  motion,  there  are 
certain  drcnmatancea  which  merit  attention,  and  which  may  be  expressed 
without  raferenee  to  the  formnke  in  which  the  analytical  solution  13  COU* 


Pcinaof  8  method  of  representing  the  motion  by  means  of  his  so-called 
''centnl  ellipsoid"  has  passed  into  the  every-day  language  of  geometers, 
and  may  be  assumed  to  be  famiUar  to  all.  The  centre  of  this  ellipsoid  is 
supposed  to  he  stationary  at  the  pomt  round  which  any  given  solid  body 
is  turning ;  its  form  is  determined  when  the  prindpal  moments  of  inertia 
of  that  body  are  given,  and  it  is  supposed  accurately  to  roll  without  slidmg 
on  a  fixed  plane  whose  position  dq)ends  on  the  initial  drcumstances  of  the 
motion*  The  associated  free  body  is  conceived  as  hemg  carried  along  Ly 
the  ellipsoid,  so  that  its  path  in  space,  its  continuous  succession  of  changes 
of  position,  is  thereby  completely  represented;  hut  no  image  is  thus  pn- 
sented  to  the  mind  of  the  time  in  which  the  change  of  position  is  efieeted* 
I  show  how  tins  defect  in  the  representation  may  he  remediedj  and  the  time, 
like  the  law  of  displacement,  reduced  to  ohacrvation  by  a  slight  modification 
of  the  apparatus  of  the  central  ellipsoid  or  representative  nucleus,  as  it  will 
for  the  moment  be  more  convenient  to  call  it.  To  steady  the  ideas,  imapne 
the  fixed  invariable  plane  of  contact  with  the  nudens  to  be  hortiontal  and 
situated  uider  it ;  now  conceive  a  portion  of  its  upper  surface,  say  the  upper 
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half,  to  be  pared  awav  utitil  it  assumes  the  I'orni  ot  a  scraielHjjsoid  coiifocal 
to  the  original  hui  Iucu,  ;iiiJ  tliat  an  indefinitely  roug;h  plate  aliVHvs  rtmnining 
horizoulal,  but  capable  ol"  Luruing  in  its  own  plaiiu  roLind  a  vt'i  lical  axis, 
which,  if  produced,  .would  j»ass  through  the  CLiitic  of  the  ellipsoid,  is 
placed  III  contact  with  this  upper  })ortion  ;  as  the  uudcus  is  made  to  roll 
with  the  under  part  of  its  surface  upon  the  fixed  plane  below,  the  fricUuu 
between  the  upper  surface  and  the  plate  will  cause  the  latter  to  rotate 
round  its  axis,  for  the  nucleus  will  not  only  roll  upon  the  plate  above,  but 
at  the  same  time  have  a  swinging  motion  round  the  vertical,  which  will  be 
communicated  to  the  plate.  I  prove,  by  an  easy  application  of  the  theory 
of  coufocal  ellipsoids,  that  the  time  of  the  free  body  passing  from  one  jwai- 
tion  to  another  will  be  in  a  constant  ratio  to  this  motion  of  rotation,  which 
may  be  measured  off  upon  an  absolutely  fixed  dial  face  immediately  over 
the  rotating-plate  ;  and  furthermore  I  show  that  the  relation  between  the 
angular  divisions  of  this  dial  and  the  time  depends  only  upon  the  spiuniug 
force  which  may  be  supposed  to  set  the  free  body  originally  in  motion,  so 
that  it  will  hold  the  same,  at  wbaterer  distfince,  by  a  preliminary  adjustment, 
the  rotating-plate  may  be  supposed  to  beset  from  the  fixed  horizontal  plane* 

Thus,  then,  we  may  realize  a  complete  kinematical  image  of  all  the  dr- 
ctimstanccs  of  the  motion  of  a  free  rotating  body,  and  reduce  to  a  purely 
mechanical  measurement  the  determination  of  an  element  hitherto  unrepre- 
sented, but  in  reality  the  moat  imfwrtant  of  all,  vis.  the  time, 

I  then  proceed  to  point  out  a  very  singular  and  hitherto  unnoticed 
dynamical  relation  between  the  free  rotating  body  and  the  ellipsoidal  top,  as 
I  shall  now  prefer  to  call  Poinsot's  central  ellipsoid,  because  I  imagine  it 
set  spinning  like  a  top  upon  the  Intuuble  plane  in  contact  with  it  and 
left  to  roll  of  its  own  accord*  the  frioftkin  between  it  and  the  plane  being 
supposed  adequate  to  prevent  all  sliding.  I  start  with  supposiiig  iha^  the 
density  of  the  top  follows  any  law  whatever,  and  esll  its  priiieipal  momenta 
of  inertia  A,  B,  C,  its  seniaxes  a,  c,  the  relations  between  these  six 
quantities  being  left  arbitrary. 

It  is  easy  to  establish  that,  if  a  rotating:  body  be  acted  on  by  anv  forces 
which  always  meet  the  axis  about  which  it  is  at  txuy  iniiant  turning,  the 
vis  viva  will  remain  unafFiscted  by  their  action ;  this  will  be  the  ea^e  hi  ihe 
present  instance  with  the  pressure  and  friction  of  the  invariable  plane,  the 
only  forces  coneemed,  as  we  may  either  leave  gravity  out  ot  account  altO" 
gether  or  suppose  the  centre  of  gravity  of  the  top  to  be  at  the  centre  of  the 
^p8oid«  which  will  come  to  the  same  thing.  By  aid  of  tliis  i)rinciple, 
conjoined  with  the  two  oomlitions  to  which  the  angular  \  cioeities  ot  the 
associated  free  body  ire  known  to  be  subject,  it  is  easy  to  infer  that  the 
Teloctties  of  this  body  and  its  representative  top  will,  throughout  the 
motion,  remain  in  a  constant  ntio,  or,  if  we  please,  equal  to  ona  another^ 
provided  that 
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where  X  is  an  arbitrary  oonatant.  If,  now,  we  rerert  to  the  natural  sappon* 
tion  of  th«  top  bfling  of  uniform  density,  it  is  well  known  that 

and  these  raidot  naj  be  identiiled  with  those  above  (although  this  wonli 
not  at  the  first  Uodi  be  supposed  to  be  the  case)  hy  giving  a  snitableTshie 
to  the  arbitawy  constant  X. 

Thus,  then,  Ftdnsot's  central  ellipsoid  supposed  of  uniform  densi^  and 
set  spinning  upon  n  foilghened  invariable  plane  Ufill  represent  the  motion 
of  a  free  rotating  solid,  not  in  space  only  but  also  in  time  t  the  body  and 
the  top  may  be  ooncsived  as  eontinnally  moving  round  the  same  axis  and 
at  the  same  rate  at  each  moment  of  time  *. 

The  problem  of  the  top  is  completed  in  the  memoir  by  applying  the 
general  Eulerian  equations  to  determine  the  fnction  and  pressure,  a  process 
which  involves  some  rather  operose  but  successfully  executed  algebraical 
calculations. 

I  next  proceed  to  account  analytically  for  the  kinematical  theory  esta* 
blished  at  the  outset  of  the  memoir,  and  in  doing  so  am  necesssrily  led  to 

give  greater  completeness  to  it,  and  at  the  same  time  an  extension  to  the 
existing  theory  of  oonfocal  surfaoea  of  the  second  order,  by  introducing  the 
complementaiy  motion  of  surfaces  that  I  call  contrafocal  to  one  another  s 
eonfocal  dlipsmds  are  those  the  difierences  between  the  squares  of  whose 
corresponding  principal  arcs  are  all  three  the  same  ;  contrafocal  ellipsoids 
i  define  to  be  those  the  sums  of  the  squares  of  whose  corresponding  arcs 
aie  the  same.  Any  two  bodies  whose  central  ellipsoids  are  either  eonfocal 
or  contrafoG^  I  term  related — correlated  in  the  one  case,  coutrarelated  in 
the  other,  and  I  show  that  the  kinematical  const  r action  in  question  is  only 
another  rendering  of  the  first  of  the  propositions  herein  subjoined  concern- 
ing bodies  so  related. 

1st.  If  two  correlated  bodies  be  placed  with  their  principal  axes  rcspcc- 
tl^  ely  parallel  and  be  set  spinning;  by  the  uxmc  {m])M\f^'ty(^  coliple,  they 
wiii  move  so  that  the  cnrro'^poiKlini::  axes  of  the  one  and  the  otlier  body 
will  continue  always  ecjualiy  inclined  to  the  axis  of  the  couple,  ruul  their 
orignial  parallelism  at  any  instant  may  be  restored  by  turning  one  of  the 
bodies  about  this  last-named  axis  througli  an  angle  proportional  to  the  time 
elapsed  since  the  cotnmpnremeut  of  the  motion.  Virtually,  tills  fimounts 
to  saying  that  thu  Lliflcrence  between  the  disi)lacemeut  of  two  correlated 
bodies  subject  to  the  same  initial  impuUe  is  equiralent  to  a  simple  uniform 
motion  about  the  invariable  line. 

2nd.  So,  in  like  manner,  if  the  bodies  be  contrartlaLed,  the  sum  of  their 
displacements  is  equivalent  to  a  simple  uniform  motion  about  such  line. 

*  Accordingly,  [f  we  eonoi^ive  ?\tiy  bodjr  as  lying  wholly  in  the  interior  of  the  rTlip»oi(l;il 
top,  which  U  its  kinoirmtiL  il  cNiM^nent,  such  body  will  move  precisely  as  if  it  were  free, 
and  contequeotly  its  density  may  be  uuiformly  iucreased  or  dimiuithcd  ift  any  ratio,  or  it . 
maj  be  entiicly  rwMwtd  wifboaf  aflSbttag  Ibe  lair  of  Che  motiOB  of  the  annmmdiiig 
emit  in  relatien  to  space  or  tiaCi 
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3rd.  In  cither  case  alike,  the  diflference  between  the  squared  aDgaUr 
velocities  of  the  related  bodies  is  constant  throughout  the  motion. 

From  these  propositions  it  follows  that  for  all  practical  intents  and  pur- 
poses the  motion  of  any  body  is  sufficiently  represented  by  the  motion  of 
any  otlicr  one  correlated  or  contrarelated  to  it.  To  a  spectator  on  the  in- 
variable plane  the  apparent  motion  of  one  rotating  body  may  be  made 
identical  witJh  that  of  any  other  reUited  one  by  merely  making  the  plane 
on  which  he  stands  turn  oniformly  round  a  perpendicular  axis.  It  becomes 
natuFs),  then,  to  ascertain  whether  there  is  not  always  some  one  or  more 
simplest  form  or  forms  which  may  he  selected  out  of  the  whole  couple  of 
infinite  series  of  rdated  bodies  which  may  eoiiTeiiieiitly  be  adopted  as  the 
exemplar  or  type  of  all  the  rest.  Obviously,  the  best  suited  for  sueh  par- 
pose  will  be  a  body  reduced  to  only  two  dimensions,  In  other  words  an 
indefinitely  flattened  duk,  provided  that  it  be  possible  in  all  cases  to  find  a 
disk  oonrekted  or  contrarelated  to  any  given  sdid*. 

The  algebraical  investigation  for  ascertaining  the  existence  of  such  disk 
is  the  same  whichever  species  of  relation  is  made  the  snbjeet  of  inquiry,  and 
leads  to  the  oonstmction  of  three  quadratic  eqoationa  corresponding  to  the 
respective  suppontions  of  the  original  body  becoming  indefinitely  flattened 
in  the  direction  of  each  of  its  three  principal  axes  in  turn ;  so  that  for  a 
moment  it  mig^t  be  supposed  that  the  number  of  disks  fulfilling  the  required 
conditbn  could,  according  to  drcnmstances,  be  sero,  two,  four,  or  sx« 
But  on  closer  examination,  and  bearing  in  mind  that  negadve  equally  with 
imagmary  moments  of  inertia  are  inadmissible^  it  turns  out  that  there 
are  always  two  such  disks,  and  no  more  (except  ui  the  case  of  two  of  the  mo- 
ments of  iner^  bemg  equal  when  the  solution  beoomes  wiiqne) .  Of  these 
two  disks,  one  will  be  correlated  and  the  other  contrarelated  to  the  givea 
body,  and  they  will  be  respectively  pcrpendicalar  to  the  axes  of  greatest  and 
least  moments  of  inertia.  'We  have  thus  the  choice  between  two  methods  of 
reduction  to  the  type  form,  and  this  choice  is  not  a  matter  of  nnimportanoe 
(in  nature  nothing  exbts  in  vain) ;  for  by  means  thereof  the  motion  of 
any  given  body  subject  to  any  initial  conditions  can  be  made  to  depend 
upon  either  at  will  of  the  two  comprehensive  cases  (Legendre's  1st  and 
3rd)  to  which  the  motion  of  a  free  rotating  body  is  usually  referred,  so 
that  the  distinction  between  these  two  cases  (corresponding  to  the  two 
species  of  Polhodes  on  dther  side  of  the  "Dividing  Polhode,"  accorduig 
to  Poinsot*s  method  of  exposition)  is  virtually  abrogated. 

From  the  preceding  theory,  it  follows  (as  also  may  be  made  to  appear 
alike  from  an  attentive  synoptic  view  of  Uie  oommoi^y  received  analytical 
formulae  as  from  Poinsot's  theory  of  the  associated  "  sliding  and  rolling 

*  The  peculiar  feAtarc  in  the  absolute  motion  of  a  disk  is,  that  whilst  it  is  turning  in 
iU  owD  plane  with  a  variable  velocity,  the  rate  at  which  H  tiunt  about  itself  it  constant, 
aa  will  at  once  become  evident  from  eliminating  r  between  the  two  equtions 
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oone  "}  that  in  pioUem  of  tbe  motioii  of  a  free  body,  of  whatere?  firnn 
and  mibject  to  whateiir  initial  oonditionfl  one  pleases,  there  enter  bat  two 
arbitrary  paraneterB.  CaUing  A,  A+B  the  three  moments  of  inertia 
of  one  or  the  other  equivalent  dUska,  L  the  magnitade  of  the  tmpulsire 

AL  Blj 

coaple^  M  the  mtpiva,  these  two  parametera  (say  p,  q)  will  be  ;  if 

to  them  we  add  a  quantity       say  r  (where  t  is  the  terms  reckoned^  as  it 

may  be,  from  an  intrmde  epoch  aa  ezphdned  in  the  memoir),  ell  other  ele- 
ments of  the  motioD,  as  the  total  or  partial  yelodties  and  the  angles*  what- 
ever they  may  be,  selected  to  determine  the  poaidon  of  the  rotating  body 
become  known  fonctions  of  these  three  quantities,  p,  r,  and  may  be  re* 
duced  to  tables  of  triple  ci^try,  or  be  graphically  represented  by  a  few 
charts  of  cnrres;  and  it  should  be  noticed  that  the  smsUer  of  the  two 
parameters  p^  q,  will  be  always  necessarily  included  between  o  and  I,  and 
that  the  other  parameter  q  may,  by  a  due  choice  of  the  species  of  reduction 
adopted,  \it  forcibly  retained  within  the  same  limits*  The  five  quantities 
o,  p»  q»  \yp-Vq  wiU  then  form  an  ascending  series  of  magnitudes  subject 
only  to  the  liability  of  the  middle  term  q  to  become  equal  to  1  on  the  one 
hand,  or  to  p  on  the  other  :  q  becoming  unity  corresponds  to  the  case  of  the 
so-ealled  "Dividing  Polhode,"  Legendre's  2nd  case  Q'cas  trh  re- 
marquable")  ;  and  q  becoming  equal  to  |)  is  of  course  the  case  of  the  body 
itself,  or  its  **  central  ellipsoid,'*  becoming  a  figure  of  revolution,  in  which 
case  the  motion  is  practically  the  same  as  that  of  a  uniform  circular  plate. 

Besides  these  two  exceptional  cases,  the  only  singular  cases  properly  so 
called,  the  quinary  scale  of  magnitudes  just  exhibited  serves  to  indicate  all 
the  more  remarkable  cases  (requiring  or  inviting  particular  methods  of 
treatment)  which  can  present  themselves  in  the  theory.  These  may  be  dis- 
tinguished into  special  cases,  which  arise  from  any  two  consecutive  terms 
becominr^  (to  use  Prof.  Dc  Morgan's  exi>ressivc  term)  subequiil,  i.  e.  dif- 
fering from  one  another  by  a  quantity  whc^p  square  may  be  neglected,  and 
double  special  cases,  which  arise  when  any  three  couFccutivc  terms  become 
subcqual ;  all  of  which,  Lngeiher  with  pccuhnr  subc  ases  appertaining  to  the 
double  sppcinl  ch\^?,  ju  rhaps  deserve  more  thorough  examination  than  inay 
have  been  liitlu  no  accorded  to  them.  I  conclude  the  memoir  with  pointing 
out  the  pla(  e  which  this  problem  of  Rotation  appears  to  mc  to  occupy  in 
dynanrical  theory,  as  belonging  to  a  natural  and  perfectly  well  defined  eroiip 
of  questions,  of  which  the  motion  of  a  body  attracted  to  two  fixed  centres  and 
the  renowned  ])roblein  of  three  bodies  acted  on  by  their  mutual  attractions 
are  conspicuous  instances.  This  group  is  characterized  by  the  feature 
that,  as  regards  them,  equations  of  motion  admit  of  being  constructed,  from 
which  not  only  tlie  element  of  time,  as  in  ordinary  mechanical  problems,  but 
also  an  element  of  absolute  space  is  shut  out ;  supposing  the  equations  thus 
reduced  by  two  in  the  number  of  the  variables  to  have  been  integrated, 
Jacobi's  theory  of  the  last  multiplier  serves  to  reduce  both  the  excluded 
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elementa  to  qaadntures  and  thus  to  complete  the  solution.  1  aotioe  tb*t 
whilst  the  time  may  fairly  be  said  to  be  elirainated»  the  space  dement 
maj  be  more  properly  said  to  undergo  the  negative  process,  if  it  may  be 
so  called,  of  ab-limination  $  it  is  not  introduood  into  and  then  expelled 
firom^  but  prevented  from  ever  making  its  appearance  at  all  in  the  resolving 
system  of  differential  equations.  It  is  horn  the  study  of  one  of  these  allied 
but  more  difficult  questions  that  the  present  memoir  ba9  taken  its  rite  as  a 
collateral  inquiry  and  elncidatoiy  digression. 

m 

IL  *^  On  Appold's  Apparatus  for  regulating  Temperature  and  keeping 
the  Air  in  a  Building  at  any  desired  degree  of  Moisture/*  By 
J.  P.  QABnm,  Esq.,  V.P.E.S.   Beceived  May  1866. 

Those  Fellows  of  the  Royal  Society  who  were  acquainted  with  the  late  Mr. 
John  George  AjtiKtld,  Imve  often  expressed  their  admiration  at  the  various 
scientific  arrangemeiita  which  lie  from  time  to  time  adapted  to  his  dwelling- 
house  in  Wilson  Street,  Finshury  Square.  However  intense  might  be  the 
frost  of  winter  or  the  heat  of  summer,  or  the  brilliancy  of  the  gas  with 
which  his  rooms  were  lighted,  when  once  under  his  hospitable  roof  you 
enjoyed  a  pure  and  refreshing  atmosphere.  Much  ul'  this  was  undoubtedly 
due  to  the  sloam-power  he  ;dwayd  had  at  command  connected  with  his 
business  premises  immediately  adjacent  to  his  dwelliug-liouse,  by  which  he 
could  at  ;inv  time  force  a  current  of  fresh  air  ut  u  given  temperature  into 
any  of  his  rooms  ;  indeed  Mr.  Appold  alvvnys  contended  that  houses  could 
not  be  inf;dc  thorougldy  comfortable  as  hiibitfttious  without  the  ftid  uf 
steam- [lower,  liut  among  the  many  of  his  arraugemeiits  to  obtain  equable 
teiapcrntnre  in  rooms,  there  were  also  tliosc  tlnit  do  not  rcfpiire  the  aid  of 
steam-pfjwcr,  so  seldom  applicable  in  privute  dwcliings,  and  wdiieh,  being 
easy  of  adaptation,  might  be  used  in  private  houses  with  miuli  advantage  as 
regards  the  heallli  ami  comfort  of  tlie  inmates.  I  allude  to  his  Automatic 
Temperature  regulator,  and  to  his  Autoniatic  Hygrometer ;  and  these  in- 
struraents,  as  originally  coustructed  by  ht;r  late  husband,  aud  used  for 
many  years  in  their  house,  but  uow  repaired  and  placed  in  perfect  working 
order  by  Mr,  Browning,  Mrs.  Appold  has  requested  me  to  offer  in  her  uauie 
to  the  President  and  Council  of  the  Royal  Society.  She  desires  me  to 
express  a  hope  that  they  will  oblige  her  by  retaining  them  among  the  other 
scientific  apparatus  belonging  to  the  Royal  Society,  as  a  mark  of  respect  to 
the  memory  of  one  who  always  highly  esteemed  the  honour  he  receired 
when  he  was  elected  into  that  body  in  June  1 853. 

I  annex  a  description  and  drawing  of  both  iustruments  (Plate  VII). 

Jj}pol^9  ^parahfifor  rtgidating  the  temperaturt  i^hMin09 

autimuiiieiUfy* 

This  instrument  consists  of  a  glas«  tube  having  bulbs  at  each  end*  The 
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tabo  it  iiUfld»  m  alio  aboot  half  of  cteh  Mb^  with  mnaufi  the  lower 
bulb  onnteming  etber  to  tbe  depth  of  half  an  mcb,  which  iloata  on  the 
mereiiiy.  The  tnbe  ia  aaeofed  to  a  plate  of  boxwood,  and  aapported  on 
kmfe^^dgWH  ^  whieh  it  tumi  httUp  At  the  end  of  the  plate,  nndeneatb 
the  Ugbeat  bnib,  ia  e  lefer,  to  which  a  string  ia  attadbed.  This  atiing  ia 
canried,  bj  means  of  bell-eranki,  to  the  snpply-valTe  of  a  gaipitoTC^  er  the 
damper  of  n  fnmaee. 

The  instrunient  sets  in  tbe  following  manner : — ^Sappoaing  the  store  to 
be  lighted  and  to  have  raised  the  temperature  more  than  is  required*  the 
lieat  will  eonvert  a  portion  of  the  ether  in  the  lower  bnlb  into  Taponr. 
The  expansion  of  this  vapoor  drives  a  quantity  of  the  mercury  out  of  the 
bulb  undemeath  it  throngh  the  tube  in  i  n  tbe  upper  bulb.  The  end  to 
^hich  the  mercoij  has  been  driven  being  thus  rendered  the  heaviest  falls, 
and  motion  being  eommonicated  by  the  lever  to  the  strinj^  this  closes  the 
supply-valve  or  damper  of  the  stove  or  furnace.  Of  course,  if  this  should 
be  carried  beyond  the  required  extent  the  reverse  action  will  take  place. 

A  weight  in  the  centre  of  the  plate,  tbe  position  of  which  is  regulated  hj 
a  milled-head  screw  shown  at  the  side,  serves  to  alter  the  centre  of  gravity 
of  the  whole  apparatus.  The  value  of  the  motion  of  this  weight  being 
carefully  ascertained,  a  scale  is  engraved  upon  it.  By  moving  this  weight, 
according  to  a  scale  engraved  on  it,  the  instrument  may  be  set  so  aa  to 
maintain  any  desired  temperature  in  the  building  in  which  it  is  fixed. 

The  range  of  action  of  the  instrument  is  from  54^^  to  66°  Fabr.,  and 
with  a  chanp;(>  of  temperature  of  one  degree  it  has  tbe  power  to  raise  one 
onnoe  three  inches. 

JjppM9  outmutHe  Sygrwmeierfir  keepm^  ike  Mr  tn  a  MuUding  of  trn^ 

dmr§d  degree  e/wwieiure. 

This  instrument,  both  in  jirincijilc  and  construction,  is  very  similar  to 
the  automatic  rcpuldtor  just  (l(:'sciil)r'(:l.  Tlie  actine:  portion  consists  also 
of  a  tube  with  a  bulb  at  each  cud.  This  tube  contains  nierrurv  to  aliout 
half  the  height  of  each  bulb,  and  a  portion  of  etlier  tioating  on  the  mer- 
cury at  each  end.  One  half  of  the  tube  niul  one  bulb  is  covered  with 
bibulous  paper,  which  is  always  kept  wet,  and  the  tube  is  suspended  and 
tuni"  freely  on  knife-edges  phiced  judt  above  the  covered  bulb.  The  action 
of  the  ajfpaiatus  is  as  follows  : — 

A  deficiency  of  moisture  in  tlie  air  increases  the  evaporation  from  the 
biliulous  paper.  This  evaporation  produces  cold,  which  condenses  the 
\  iipour  of  the  ether  in  the  covered  bulb,  and  the  mercury  being  pressed  on 
by  the  vaj>our  of  the  ether  in  the  naked  bulb  is  forced  into  the  covered 
bulb.  The  uncovered  bulb,  beincr  now  much  the  lightest,  rises,  and  raises 
a  lever,  which  in  its  turn  opens  a  valve  at  the  end  of  a  small  tube.  This 
tube  communicates  with  a  cistern  kept  full  of  water.  The  water  whicli  is 
thus  admitted  is  suffered  to  trickle  over  heated  pipes  which  are  covered 
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with  bibulous  paper;  iipoa  the  desired  dew«poiat  bei^g  attainedt  the 

action  ceases. 

The  range  of  the  instrument  is  regulated  by  means  of  a  spiral  spring  at 
one  end  of  the  tube,  and  an  adjustable  weight  at  the  otlicr. 

By  means  of  a  pencil  attached  to  one  of  the  levers^  the  iostrument  may 
be  made  self-registering. 

An  ordinary  Mason's  hygrometer  is  attached  to  the  iiistrttment  for  regu- 
lation and  comparison. 

With  a  variation  of  one  degree  in  the  moisture  of  the  atmosphere,  the 
instrument  is  capable  of  supplying  ten  quarts  of  water  per  hour  to  the  aur- 
face  of  the  pipes  from  which  it  evaporated. 

Hi,  "  On  the  Spectrum  of  a  New  Star  m  Corona  Borcalis"  By 
Wtlliam  HvqoinS;  1?\R.S.,  and  W.  A,  Miller,  M.D.,  Treas. 
Beoeived  Ma/ 17, 1866. 

Yesterday,  May  the  16th,  one  of  us  received  a  note  from  Mr.  John  Bir- 
mingham of  Tuam,  stating  that  he  had  observed  on  the  night  of  May  1 2 
a  new  star  in  the  constellation  of  Corona  Borealis.  He  describes  the  star 
as  "very  brilliant,  of  aboat  the  2nd  magnitude."  Also  Mr.  Baxendell  of 
Manchester  wrote  to  one  of  us  giving  the  observations  which  foUow  of  the 
new  star,  as  seen  by  him  on  tlic  night  of  the  15th  instant. 

A  new  star  has  suddenly  burst  forth  in  Corona.  It  is  somewhat  less 
than  a  degree  distant  from  e  of  that  constellation  in  a  south-easterly  direc- 
tion, and  last  night  was  fully  equal  in  brilliancy  to  fi  Serpentis  or  r  Her- 
culis,  both  stars  of  about  the  3rd  magnitude." 

Last  night.  May  16,  we  observed  this  remarkable  object.  The  star 
appeared  to  us  considerably  below  the  3rd  magnitude,  but  brighter  than  e 
Coronse.  In  the  telescope  it  was  surrounded  with  a  faint  nebutons  haze, 
extending  to  a  considerable  distance^  and  gradoally  fading  away  at  the 
boundaiyt*  A  compsrative  examination  of  neighbooring  stars  showed 

*  Tbo  Attrononor  Bojri  wrote  to  one  of  us  on  tJie  18th,  "  Last  night  we  got  a  men- 
distt  obsorvatioii  of  it ;  on  a  rough  redoetion  its  clenunts  are-- 

18G6,  Uaj  17   IS^GarS^ijS, 

N.P.D  ^  4i'  63*', 

agreeing  preci.4oly  with  Argolander,  No.  2765  of  **Boiiiier  StemTcnteichniss,"  declina- 
tion -f  26**,  magnitude  9*5."  Mr.  BaT<?n<1pn  wrif-^i  on  the  2!«t.  "It  is  probable 
tluit  ihis  Htar  will  turn  out  to  b<>  u  variable  of  lon^  or  irrogula,r  period,  and  it  may  bo 
conveniontly  at  once  designated  T  Curonoi/'  Sir  John  ilcrsohel  informs  one  of  us  that 
on  Juno  9.  1812,  ho  saw  a  star  of  the  Otb  magnitudo  in  Corona  vsiy  nearly  in  the 
place  of  this  iitiw^  ttar.  As  Sir  John  Heraehcrs  position  was  laid  down  tnetolj 
naked  cyo  allino^tions,  tlu>  star  seen  bv  liiiu  inay  havo  beoa  possibly  s  foraur  taupo- 
rary  outburst  of  lichl  in  t  his  remarkable  object. 

t  On  tho  17th  thia  nobuloaa^  was  suspeoted  only ;  on  the  19th  and  21rt  it  was  not 
seoiL  '* 
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that  this  nebulosity  really  existed  about  the  star.  When  the  spectroscope 
was  placed  on  the  telescope,  the  light  of  this  new  star  formed  a  spectrum 
unlike  that  of  any  celestial  body  which  we  have  hitherto  examined.  The 
light  of  the  star  is  compound,  and  has  emanated  from  two  different  sources, 
flach  light  forms  its  own  spectrum.  In  the  instrument  these  spectra  appear 
superposed.  The  principal  spectrum  is  analogous  to  that  of  the  sun,  and  is 
evidently  formed  by  the  light  of  an  incandescent  solid  or  liquid  photosphere, 
which  has  suffered  absorption  by  the  vapours  of  an  envelope  cooler  than 
itself.  The  second  spectrum  consists  of  a  few  bright  lines,  which  indicate 
that  the  light  by  which  it  is  formed  was  emitted  by  matter  in  the  state  of 
luminous  gas  *.  These  spectra  are  represented  with  considerable  approxi- 
mative accuracy  in  a  diagram  which  accompanies  this  paper. 


Spectrum  of  Abtiorption  and  Spectrum  of  Bright  Lineo  forming  tho  Compound 
Spectrum  of  a  New  Star  near  «  Coronae  Borealis. 

Description  of  the  spectrum  of  absorption, — In  the  red  a  little  more 
refrangible  than  Frauuhofcr's  C  are  two  strong  dark  lines.  The  interval 
between  these  and  a  line  a  little  less  refrangible  than  D  is  shaded  by  a  num- 
ber of  fine  lines  very  near  each  other.  A  less  strongly  marked  line  is  seen 
about  the  place  of  solar  D.  Between  D  and  a  portion  of  the  spectrum 
about  the  place  of  b  of  the  solar  spectrum,  the  lines  of  absorption  are 
numerous,  but  very  thin  and  faint.  A  little  beyond  b  commences  a  scries 
of  close  groups  of  strong  lines  ;  these  follow  each  other  at  small  intervals,  as 
far  as  the  spectrum  can  be  traced. 

Description  of  the  gaseous  spectrum. — A  bright  line,  much  more  bril- 
liant than  the  part  of  the  continuous  spectrum  upon  which  it  falls,  occupies 
a  position  which  several  measures  make  to  be  coincident  with  Fraun- 
hofer*s  F  f.     At  rather  more  than  one-fourth  of  the  distance  which 

•  The  position  of  the  groups  of  dark  lines  shows  that  the  light  of  the  photosphere, 
after  passing  through  the  absorbent  atmosphere,  is  yellow.  The  light,  however,  of  the 
green  and  blue  bright  lines  makes  up  to  some  extent  for  the  green  and  blue  rays  (of 
other  refrangibilities)  which  have  been  stopped  by  absorption.  To  the  eye,  tlierefore, 
the  star  appears  nearly  white.  However,  as  the  star  flickers,  there  may  be  noticed  an 
oocasional  preponderance  of  yellow  or  blue.  Mr.  Baxendell,  without  knowing  tho  re- 
■alta  of  prismatic  analysis,  describes  the  impression  he  received  to  be  "  as  if  the  yellow 
of  the  star  were  seen  through  an  overlying  film  of  a  blue  tint." 

t  On  the  17th,  the  lines  of  hydrogen,  produced  by  taking  the  induction-spark  through 
the  vapour  of  water,  were  compared  in  the  instrument  simultaneously  with  the  bright 
incs  of  tho  star.  Tlie  brightest  line  coincided  with  the  middle  of  tho  expanded  line  of 
hydrogen  which  corresponds  to  Fraunhofer's  F.    On  account  of  the  faintness  of  tho  red 
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•epmlM  F  froni  G,  a  Mooiid  and  Uss  briUknt  line  aeeiu  Bo(h 
tbese  lines  were  narrow  and  sharply  defined.  Beyond  tbeee  Hnee^  and 
at  a  distance  a  little  meie  than  one-third  of  that  wfaldi  eepanlcs  the 
seoond  bright  line  from  the  strongest  bright  one^  a  third  bright  Une 
was  observed.  The  appeaianee  of  this  line  snggeited  that  it  was  either 
doaUe  or  undefined  at  the  edges*  In  the  more  refrangible  part  of 
the  specCrom,  probably  not  ftr  from  O  of  the  sdar  speeUum*  glimpses  were 
obtsined  of  a  fonrlh  and  fidnt  bright  line.  At  the  extreme  end  of  the 
visible  part  of  the  less  refrangible  end  of  the  spectnun»  about  appeared 
a  line  brighter  than  the  normal  relative  brilliancy  of  this  part  of  the 
speetnun*  The  brightneM  of  this  line,  however,  was  not  nearly  so  marked 
in  proportion  to  that  of  the  part  of  the  spectrum  where  it  occun^  aa 
was  that  of  the  lines  in  the  grrrti  and  blue  *. 

General  Conelvsions. — It  ia  difficult  to  imagine  the  present  physical 
constitution  of  this  remarkable  obje^.  There  must  be  a  photosphere  of 
natter  in  the  solid  or  liquid  state  emitting  light  nf  all  refrangiliilitiea.  Sur> 
rounding  this  must  exist  also  an  atmosphere  of  cooler  vapoury  which  give 
rise  by  absorption  to  the  groups  of  dark  liaes. 

Besides  this  constitution,  which  it  possesses  hi  common  with  the  sun  and 
the  stars,  there  must  exist  the  source  of  the  gaseous  spectmm.  That  this 
is  not  produced  by  the  faint  nebulosity  seen  about  the  star  is  evident  by 
the  brightness  of  the  lines,  and  the  circumstance  that  they  do  not  extend 
in  the  instrument  beyond  the  boundaries  of  the  continuous  spectrum.  The 
gaseous  mass  from  which  this  light  emanates  must  be  at  a  much  higher 
temperature  than  the  photosphere  of  the  star ;  otherwise  it  would  appear 
impossible  to  explain  the  great  briUian^  of  the  lines  compared  with  the 
corresponding  parts  of  the  continuous  npectrum  of  the  photosphere.  The 
position  of  two  of  the  bright  lines  suggests  that  this  gas  may  consist 
chiefly  of  hydrogen. 

If,  however,  hydrogen  be  really  the  source  of  some  of  the  bright  lines, 
the  conditions  under  which  the  gas  emits  the  light  roust  be  different  from 
those  to  which  it  has  been  submitted  in  terrestrial  observations  ;  for  it  is 
well  known  that  the  line  of  hydrogen  in  the  green  is  always  fainter  and 
more  expanded  than  the  brilliant  red  line  which  characterizes  the  spectrum 
of  this  gas.   On  the  other  hand,  the  strong  absorption  indicated  by  the 

end  of  tfaa  speotmm,wfatii  thaamoontof  ditp«n!on  neoeesary  for  these  obcMmtiflDa  ma 
emi^ojed,  the  SBMt  ooiniidsnQe  of  tha  line  in  this  part  <iftli»  tpeolrum  wHli  41m 

or  hydrogen,  tlumgh  axtiMnely  probsUe^  was  not  determined  with  equal  oertaintj. 

*  The  spoctra  of  the  star  were  obserrcd  H{^»iin  on  the  17th,  the  19th,  the  21«t^  and  the 
On  thetie  evenings  no  important  alteration  had  taken  plaop.  On  the  17th  and  aue- 
oeodiug  evening^,  though  the  spectrum  of  the  waning  Htar  waa  fainter  than  on  the  16th, 
the  red  bright  Une  appeorad  a  Utile  brighter  relatively  to  the  gre^  and  blue  bright  linei. 
On  tiia  19th  and  21attlMa1wifptioBlinea  about  A  inn  fltrtmger  than  on  From 
tiM  16<li  the  oontinnona  spectrum  dimintRhed  in  brightnest  more  mpidly  than  the 
gnflpoufl  Hprrtrnm,  sn  that  nn  (he  23rd.  thoiifjli  t!ie  jpectnim  lui  a  whole  was  Dainty  the 
.bright  lines  wore  brilliant  when  compared  with  the  oontiauoua  apeoirum. 
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line  F  of  the  ^oltir  spectnim,  and  the  still  stronger  corresponding  liues  iii 
Kome  stars,  would  indicate  that  under  suitable  conditious  hydrogen  may 
emit  a  strong  luminous  radiation  of  this  refrangibility  *. 

The  character  of  the  spectrum  of  this  star,  taken  together  with  its  sadden 
outburst  iu  brilliancy  aiiil  \U  rapi  l  decline  in  brightness,  suggest  to  us  die 
rather  bold  speculation  tluit,  in  cou;?e4UC'nce  of  some  vast  couvulsion 
taking  place  iu  this  object,  lur^c  quantities  of  gas  have  been  evolved  from 
it,  that  the  hydrogen  present  is  burning  by  conibiuatiou  with  some  other 
element  and  furnishes  the  light  represented  by  the  bright  lines,  idso  that 
the  flaming  gas  has  heated  to  vivid  incandescence  the  solid  matter  of  tht 
pbolMptiert,  At  the  hydrogen  beoomei  exhausted,  all  the  phemMntnA  di^ 
minish  m  iotensity,  and  the  star  rapidly  wanes. 

In  eonnexion  with  this  star,  the  ohserratiout  which  we  made  upon  the 
■pedm  of  a  Orbnis  and  /3  Pegasi,  that  thej  contain  no  ahsorption  lines  of 
hydrogen,  appear  to  have  some  new  interest.  The  spectra  of  these  stars 
agree  in  their  general  characters  with  the  absorption  spectmm  of  the  new 
star.  The  whole  class  of  white  stars  are  distingubhed  by  having  hydrogen 
lines  of  extraordinary  force.  It  may  also  he  mentioned  here  that  we  have 
fonnd  that  the  spectra  of  several  of  the  more  remarkable  of  the  variable 
stars,  namely  those  dbtingnished  by  an  orange  or  ruddy  tmt«  possess  a  close 
general  accordance  with  those  of  a  Orionis,  Pegasi,  and  the  absorption 
speetnim  of  the  remarkable  object  described  in  this  paper*  The  purely 
speealative  idea  presents  itself  from  these  observations,  that  hydrogen  pro- 
bably  plays  an  important  part  In  the  differences  of  physical  constitution 
which  apparently  separate  the  stars  into  groups,  and  possibly  also  in  the 
changes  by  whidi  these  differences  may  be  brought  abontt* 

*  Oa  tlie  dependence  of  the  relatire  chancten  of  the  bright  Unes  of  hydrogen  npon 
eooditioM  of  pnsraro  and  temperttoro  lee  noelter  and  HUtorf,  Phil.  Tnni.  lBw6,  p.  21 
t  Mr.  BaieideH  sends  vs  the  following  TsUe  of  nugnitadoot — 

h  m 

May  IS  S)I12  0  CM.T^  T  Coron«  s:  8*6  or  3*7  magnitude. 

„   16  „  10  JO  „  „  s=  4-2 

«    17  „  11    0  „  „  =  49 

„    W  „  12  30  „  „  =  5  3 

„   19  „  12  1ft  „  „  « ft-7 

„  20  „  12  30  „  n  - 

„  21  „  12   0  „  „  =  7  3 

„   22  „  11  16  „  n  =  7  7 

„    23      10  30  „  „  =  7-9 

„    24  „  lU  „  „  =  81 


o2 
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TV.  "Conflrnsation  of  Determinants,  being  a  new  arid  brief  Method 
for  ctiniputing  their  arithmetical  values."    l^y  the  Rev.  C.  L. 
DoDGSoN,  M.A.,  Student  of  Christ  Chnrch,  Oxford.  Com- 
municated by  the  Rev.  Ba&tholomsw  Piucs,  M.A.^ 
Received  May  15,  1866. 

If  it  be  proposed  to  sol? e  a  let  of  ji  simiiltnieou  finear  eqintioiiip  not 
being  all  homogeneouB,  inTolving  n  unknowM,  or  to  test  their  oompatibifity 
when  all  aie  homogeneous,  by  the  method  of  determinants,  in  these,  as 
well  as  in  other  cases  of  common  occorrence,  it  is  necessary  to  compote 
the  arithmetical  valnes  of  one  or  more  deternunants — such,  for  eiample,  as 

1.3,-2 
2,1,  4 
3,  5,-1 

Now  the  only  method,  so  far  as  I  am  aware,  that  iiaa  been  hitherto 
employed  for  such  a  purpose,  is  that  of  multiplying;  eacli  term  of  the  first 
row  or  column  by  the  determinant  of  its  corn]  k  mental  minor,  and  ulTecting 
the  products  with  the  signs  +  and  —  alternately,  the  determinants  re- 
quired in  the  process  being,  in  their  turn,  broken  up  in-  the  same  manner 
until  determinants  are  finally  arrived  at  suthcieutly  small  for  mental  corn- 
putatlon. 

This  process,  ia  the  above  instance,  would  run  thus : — 
1,3,-2 

=  lx 


2.1.  4 
3,5,-1 


1.  4 
5,-1 


-2X  |JI?|+3X 

»— 21-14  +  42=7. 


3^-2 
I,  4 


But  soch  a  process,  when  the  block  consists  of  16,  25,  or  more  terms,  is 
so  tedious  that  the  old  method  of  elimination  is  much  to  be  preferred  for 
solving  simultaneous  equations;  so  that  the  new  method,  excepting  for 
equations  containing  2  or  3  unknowns,  is  practically  nseless. 

The  new  method  of  compvtation,  which  1  now  proceed  to  explain,  and 
for  which  "  Condensation "  appears  to  he  an  appropriate  name,  will  be 
found,  I  believe,  to  he  far  shorter  and  simpler  than  any  hitherto  employed. 

In  the  following  remarks  I  shall  use  the  word  "  Bloek  '*  to  denote  any 
number  of  terms  arranged  in  rows  and  columns,  and  "  interior  of  a  block  *' 
to  denote  the  block  which  remams  when  the  first  and  last  rows  and  columns 
are  erased. 

The  process  of  "  Condensation  "  ia  exhibited  in  the  following  rules,  iu 
which  the  given  block  is  supposed  to  consist  of  n  rows  and  n  columns  : — 

(1)  Arrange  the  given  block,  if  necessary,  so  that  no  ciphers  occur  in  its 
interior.  This  may  be  done  either  hy  transposing  rows  or  columns,  or  by 
&ddiii<;  to  certain  rowa  the  several  terms  of  other  rows  multiplied  by 
certain  vnaltipliers. 

(2)  Compute  the  determinant  of  every  minor  consisting  of  four  adjacent 
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tam*  Theae  TaliiM  will  conitttato  a  Mcond  block,  eoiuiiting  of  n  ^1 
fowa  and  k^I  colnmnai 

(3)  Condense  this  second  Vlockin  the  same  manner^  dividing  each  term, 
when  found,  by  the  coiresponding  term  in  the  mterior  of  the  first  bU)ck. 

(4)  Kepeat  this  process  as  often  as  may  be  necessary  (observing?  that  in 
eondenrii^  any  block  of  the  serin,  the  rth  for  example,  the  terms  so  found 
must  be  divided  by  the  corresponding  terms  in  iLc  interior  of  the  r  —  uh 
block),  imtil  the  block  is  condensed  to  a  single  term,  which  will  be  the 
icqoired  Tahie, 

Aa  an  instance  of  the  htt^mg  rules,  let  us  take  the  block 

—  2    -1    -1  -^4 
-1  -2 
-1  -1 
2  1 


By  rule  (2)  this  is  condensed  into 
mle  (3),  is  condensed  into 


—  1  ~G 
2  4 
-3  -8 
3  -1 
-1  -5 


2 
8 


this,  again,  by 

1       1  -4 
;  and  thi^  by  rule  (4),  mto  —8, 


1 


8  -2 
-4  6 
which  is  the  required  value. 

The  simplest  method  of  working  this  nde  apprat  si  to  be  to  arrange  the 
series  of  blocks  one  under  another,  here  exhibited  ;  it  will  then  be  found 
Tery  easy  to  pick  out  the  divisors  requu-ed  in  rules  (3)  and  (4), 

-2       -I    -1  -4 
~1       -.2    -1  -6 
-1-12  4 
2  1-3-8 
3-12 
-1       -5  8 
1  I  -4 

\.\  -;i 

-8. 

This  process  cannot  be  continued  when  ciphers  occur  in  the  interior  of 
any  one  of  the  blocks,  since  infinite  values  would  be  introduced  by  em- 
ploying them  as  divi«?or«?.  When  they  occur  in  the  p:iven  block  itself,  it 
may  be  rearranged  as  has  been  already  mentioned  ;  but  this  cannot  be  duue 
when  they  occur  m  any  one  of  the  derived  blocks  ;  in  such  a  case  the 
giren  block  must  be  rearranged  as  circamstances  re<]^uire,  and  the  operation 
commenced  anew. 

The  best  way  of  doing  this  is  as  follows  :  — 

Suppose  a  cipher  to  occur  in  the  /ah  row  and  ^th  column  of  one  of  the 
derived  blocks  (reckoning  both  row  and  column  from  the  nearest  corner 
of  the  block) ;  find  the  term  in  the  h\h  row  and  ^th  column  ol  the  given 
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block  (reckoniDg  from  the  comflponding  oomfr),  and  traaqpoie  rows  or 
columns  cyclicallj  until  it  ii  left  in  to  ontiide  row  or  column.  When  the 
necenaiy  alterations  have  been  made  in  (be  derived  bloe1u»  it  will  be  found 
that  the  cipher  now  occurs  in  an  outside  row  or  column^  and  therefore 
need  no  longer  be  used  as  a  divisor. 

The  advantage  of  cydieal  transpodtion  is,  that  most  of  the  terms  in  the 
new  blocks  will  have  been  computed  already,  and  need  only  be  copied ;  in 
no  case  will  it  be  necessary  to  compute  more  than  one  new  row  or  eolonm 
for  each  block  of  the  series. 

In  the  foUowbg  instance  it  will  be  seen  that  in  the  first  series  of  blocks 
a  cipher  occurs  in  the  interior  of  the  third.  We  therefore  abandon  the 
process  at  that  pomt  and  begin  again,  reairangiug  the  given  block  by 
transferring  the  top  row  to  the  bottom ;  and  the  cipher,  when  it  occurs,  la 
now  found  in  an  exterior  row*  It  will  be  observed  that  in  each  block  of 
the  new  series,  there  is  only  one  new  row  to  be  computed ;  the  other  rows 
are  simply  copied  from  the  work  ahready  done. 


-I 

2 

1  - 

-3 

1 

2 

1 

-1 

2 

2 

1 

—  1 

2 

I 

-1 

-2 

-I 

•  * 

-1 

-2 

-1  - 

-1 

2 

1 

-1 

-2 

-1 

1 

-1 

-2  - 

-1 

1 

-2 

-1 

-I 

2 

-2 

—  1 

-1 

2 

2 

-1 

2 

I 

-3 

5 

-5 

-3  -1 

3 

-3 

-3 

3 

-3 

-3 

-3  3 

3 

3 

3 

1 

i 

3 

3  -1 

"i 

—  3 

-1 

-5 

-5 

-3 

-1  -5 

3 

—  5 

I 

1 

-30 

G  —12 

0 

0 

6 

0 

0  6 

6  - 

6 

8 

6  - 

-6  8 

17 

8  - 

4 

• 

10 

12 

1  18 

40 

36. 

The  foct  that,  whenever  i^phers  occur  in  the  interior  of  a  derived  block, 
it  is  uecessary  to  recommence  the  operation,  may  be  thought  a  great 
ubstucle  to  the  use  of  this  method ;  but  I  beUere  it  will  be  found  in  pn<^ 
tioe  that,  even  though  this  should  occur  several  times  in  the  course  of  one 
operation,  the  whole  amount  of  labour  will  still  be  much  Isss  than  that  in- 
'  volvedintheoldpfooessofoompntadon. 

I  now  proceed  to  give  a  proof  of  the  validity  of  this  process,  deduced 
from  a  well-known  theorem  in  determinants  \  and  in  doing  so,  1  shall  use 
the  word  "adjogate"  in  the  following  sense  : — ^if  there  be  a  square  block, 
and  if  a  new  block  be  formed,  such  that  each  of  its  terms  is  the  determi- 
nant of  the  complementai  minor  of  the  corresponding  term  of  the  &ist 
block,  the  ssoond  block  is  said  to  be  a^fiigMe  to  the  first. 
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•  Hie  thffomn  referred  to  If  tha 
'  <*  If  the  dHemnoant  of  a  blodc  bB»  the  deCemiiiiint  of  any  minor  of 
Ibe  Mth  degree  of  iho  adjiigate  blook  ie  the  prodiiot  of  B"~'  and  the 
coefficient  which*  in  B»  mnltlpiiee  the  detcmunant  of  the  eoireqiiondbg 
minor/' 

Let  us  first  take  a  block  of  9  terms. 


It* 


'9.i 


•a.s 


•3,  a 


and  let  a,,,  repiewnt  the  determinant  of  the  compkmental  minor  of  a^,^ 
and  so  on. 

If  we  **condenfle"  this,  by  the  method  already  giTcn,  we  get  the  bloch 

I  I ,  and,  by  the  theorem  above  cited,  the  detcnuinant  of  tiiia, 


via. 


=Exa 


Seoondly,  let  us  take  a  block  of  16  terms : 


2  ^  a  which  proves  the  rule. 


If  we  <*oondenae"  thia,  we  get  a  block  of  9  terma;  let  ua  denote  it  by 

,  in  which  Oi,i>° 


•1.1  ^1,2 


If  we  ''condense**  thia  block  agam,  we  get  a  bhick  of  4  tenna,  each 
of  whieb»  by  the  preoedmg  paragraph,  ia  the  detemunant  of  9  terms 

of  the  original  block    that  is  to  say,  we  get  the  block  i  [  } 

1*1,4  "mJ 


but,  by  liie  Llieurt-m  aireaii^  (j^uutcd, 


s  R  X  6^,  i  tlicreiur  e 


11: 


6. 


W  ;ihat  h,  B  may  be  obtabed  by  "condensing"  the  block 


J«44 

This  proves  the  rule  for  a  bhick  of  16  terms ;  and  aunikr  proofe  might 
be  given  for  larger  blocks. 

I  shall  conchidc  by  showing  how  this  process  may  be  applied  to  the 
solution  of  simultaneous  linear  equattona.  - 
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If  we  take  a  bkck  eonaieting  of »  tows  and  »+ 1  eolnmns,  and  con- 
dense "  it,  we  reduce  it  at  laat  to  2  termsy  the  fiiat  of  which  b  the  deter* 
minant  of  the  first  m  colnmni,  the  other  of  the  h»t  n  eolnniiis* 

Hence*  if  we  take  the  «  eimultaneoiia  eipiatiooi, 


and  if  we  condense  the  whole  hlock  of  coeffidentc  and  conatanti^  via. 


we  fcdoce  it  at  hMt  to  2  terms :  let  ns  denote  them  by  8,  T.  so  thai 


• 

• 
• 
• 

,  and  T*= 

• 
• 
• 
* 

• 
• 
• 
• 

Now  we  know  that  )*     which  may  he  written  in  the  ftrm 

(— )"S.a:,  =  T. 

Hence  the  2  terms  obtained  by  the  process  of  condensation  may  be 
eonverted  into  an  eqaation  for  9^  by  multiplying  the  first  of  them  by  x^, 
afieeted  with  +  or  according  as  n  is  even  or  odd.  The  Utter  part  of 
the  mle  may  be  simply  eKprissed  thus;— "pbce  the  signs  +  and  — 
alternately  over  the  several  odnmni^  beginning  with  the  1asl»  and  the  sign 
which  occnrs  over  the  cblnmn  oontsining  b  the  ngn  with  which  a?^  is  to 
be  aflfeeted.** 

Whm  the  vab»  of  has  been  tiins  fonnd,  it  miQr  be  snbatitnted  m  die 
first  I  equations,  and  fbe  same  operation  repeated  on  the  new  block, 
which  will  now  consist  of  n  —  1  rows  and  «  columns.  But  in  calculating 
the  second  series  of  blocks^  it  will  be  found  thai  most  of  the  work  has  been 
already  done ;  in  fact,  of  the  2  determinants  required  in  the  new  Uock,  one 
has  been  already  computed  correctly,  and  the  other  so  nearly  so  that  it 
only  requires  the  /oaf  column  in  cadk  of  the  derived  blocks  to  bs  corrected. 

In  the  example  given  opposite*  after  writing  4-  and  alternately  ov«r 
the  colnmns,  beginning  with  the  last,  we  first  condense  the  whole  block«  and 
thos  obtam  the  2  terms  36  and  —  72.  Observing  that  the  4sooKumii  haa 
the  sign  —  placed  over  it,  we  multiply  the  36  by  — «,  and  so  fbrm  tiio 
cqoatkm  — 36«aB    72,  which  gives  ««2. 

Hence  the  #>teims  in  the  first  four  eqnationa  become  res| 
%  %  4,  and  2 ;  adding  these  vslnes  to  the  constant  terms  in  the  samei 
tkm^  we  obtidn  a  blwk  of  which  we  need  only  write  down  the  last  two 

2  4 

columns,  vis.  **1**2 

2  6 
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We  tbeQ  cuudense  these  into  the  column 


0 
0 
2 


aud,  supplying  frotn 


the  Meond  block  of  iht  fini  imi  the  oolimiii 


3 
-1 
-6 


we  ohuin 


■s  the  lait  two  colainiis  of  the  Meomi  blodL  of  the  new  aeries^ 


3  0 
-1  0 
—5  2 

end  pvoeeedbg  thus  we  oltiniatdj  obtam  the  two  termi  1%  12.  Obierang 
that  the  y-eolmnn  hw  the  aigii  +  placed  over  it,  we  raulttplj  the  fimt 
12hj+jf,  and  so  form  the  equation  12ysl2,  whieh  g^vei  The 
values  of  x,    and  e  aie  abnilarly  found. 

It  will  be  seen  that  when  once  the  given  Uock  has  been  lueonsfiiUj 
condensed,  and  the  value  of  the  firit  unknown  obtamed,  there  is  no  further 
danger  of  the  operation  bebg  mterropted  by  the  occurrence  of  dphere, 

-    +    -    +    -  + 

«  —  y  —27  —  t»  —  t;  —4  =0 
2*     y  ^  s  -2k  -  «  — 6  =0 

«  «-%r  —  «  —  If  4-2if  +4  sO 
2ar  -  y  +2r  +  u  -8v  -8  =0 


1 

1 
2 
1 
2 


2    1-12  2 
_1  -2  -1  -1  -4 
1  _i  -2  -1  -6 
-2  -1-12  4 
-12    1-8  -8 

«8  -.3  -3    3  -6 

3  3  3-12 
_5  _3  _i  -5  8 

S  -6    1  1-4 

0 

-2 
6 


0    0  6 

6-6  8 
-17     8  -4 


2  4 

-1  -2 
-1  -2 
2  6 

8  0 
-1  0 
-5  -2 

6  0 
8  -S 

i  12  12  1 
•.1%-12 


2  6 

-1  -3 
-1  -1 

3  01 
-1  -2| 


I    2     51     |2  41 

1-1  -1  I  .%-2vs4...e— 2 

13      3  I 

.•.3tf«d   Ms:  1 


'2 


.1'. 


10  12  121 
1 18  40  -8 1 

|36  -  72( 
V— 96*-*— 72 


2 


I 


5  2-3  3 
3-1-2  7 
2    8  1-12 

-11  -7  -15 
11  5 


151 

17  I 


-     +     -  + 

6x  +^  -ar  +  3  =0 
3r  -  y  -2*  +  7  =0 
2x  +dsr  +  «  -12  =0 
-3      81    1-3    12 1 

-2    10 1  .%  8f-12   #«  4 

1-7  -14| 

.Ut^—U  y-  2 


I  -22  22  i 

.'.22»-28   «=  I 

The  Society  then  adjourned  over  the  Whitsuntide  Recess  to  Thursday* 
May  31. 
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Maif  31,  1866. 

Dr.  WILLIAM  ALLEN  MILLER,  Trewonsr  and  Vice-PresideDt, 

in  the  Chair. 

The  following  commmucatioiifl  were  read : — 

1,  "An  Account  of  Experimeuts  m  some  of  which  Electroscopic 
Indications  of  Animal  Electricity  were  detected  for  the  iirat 
time  by  a  new  method  of  experimenting.''  By  Charles  Bland 
Kadcliffe,  M.D.,  Fellow  of  the  Royal  College  of  Physicians 
in  London,  Physician  to  the  Westminster  Hospital  and  to  tlie 
National  Hospital  for  Paralysis  and  Epilepsy^  ftc.  Commimi- 
cated  by  Chablss  Bbooxb,  M.A«   Beoeived  Mavdi  15, 1806. 

Very  soon  after  the  discovery  of  animal  electricity  by  Galrani,  Hcmmer 
ascertained  that  electroscopic  indications  of  electricity  might  he  obtained 
at  the  surface  of  the  human  body.  The  instruments  used  in  these  investi- 
gations were  the  electroscope  cf  Saussure  and  the  condenser  of  Volta:  the 
broad  result  arrived  at  was — that  the  indications  in  question  uii^iit  bo 
sometimes  present  and  sometimes  absent;  that  they  pointed  sometimes  to 
positive  electricity,  and  someliines  to  nc^rative  ;  and  that  tluy  did  iiol 
depend  (cxcejtt,  perhaps,  in  a  very  snmli  degree)  upon  the  frictiua  of  the 
hair,  or  tkiii,  ur  clothes,  or  carpet.  * 

Upwards  of  sixty  years  have  passed  since  Hemmer  published  the  account 
of  ids  labours.  During  the  first  half  of  this  period  not  a  little  good  work 
was  done  in  this  branch  of  scientific  inquiry,  especially  by  Gardini  in 
1/92.  by  Ahreus  in  1817,  and  by  Nasse  in  1834  ;  and  what  was  done  is  in 
the  main  confirmatory  of  the  genuineness  of  the  work  done  by  Hemmer. 
During  the  last  thirty  years,  on  the  contrary,  little  or  nothing  has  been 
done*.  It  seems,  indeed,  as  if  the  discofery  of  the  galvanometer,  now 
a  Uttle  more  than  thirty  years  ago,  had  diverted  attention  from  the  ekc- 
troscope :  at  any  rate  it  is  the  fact  that  it  has  been  the  fiwhton  since  the 
discoTcry  of  the  galTsnometer  to  forget  the  static,  and  to  think  only  of  the 
eorrent  phenomena  of  animal  electrid^*  Nor  is  this  altogether  to  be 
wondered  at;  for  It  must  be  allowed  that  tlie  facilities  fbr  detecting  the 
carrent  phenomena  of  animal  electricity  are  ihr,  very  far  greater  than  those 
for  detecting  the  static  phenomena  of  this  sgent.  Be  tUs  as  it  may,  bow- 
ever,  my  own  experience  amounts  to  thiflh—that  I  found  it  difficult  to 

*  One  oi(V])ti(>n  to  this  !<tAtctnent  must  be  made  in  fnrourof  some  recent  inrcstigntioriB 
by  Dr.  Meissnor,  of  which  an  aocoont  is  given  in  an  article  entitled  "  Uebcr  das  elec- 
taruohe  Terhalten  der  Oberfl&ohe  des  meoioblichea  Kdrpora,"  in  Henlo  and  Pfeufer'ft 
*  Zntnfarift  (lir  naoiwlle  Mediein.*  Dritto  Beihe»  Btt&d  xii.  1661.  Those  invMtigt. 
gstkniB  aeeni  to  be  very  deserving  of  careful  study,  and  I  much  regret  that  my  atten- 
tinn  vrm  only  for  tbo  fwnt  time  dirocttxl  to  thorn  in  some  reinariw  wUdb  foUowed  the 
reading  of  tJ^  paper  «t  tlw  Meeting  of  tbs  Aoysl  SooMl^ 
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detect  these  latter  phenomena  easily  and  satisfactorily  until  I  hit  upon  the 
inethf)d  of  investigation  employed  in  the  experiments  aliont  to  Ik-  de- 
scribed— a  method  which  dispenses  with  the  use  of  the  coudeuser,  wiiich 
appears  to  hr  as  dLlicate  as  it  i^  certain  and  simple,  and  which  I  HOW  pro* 
ceed  to  describe  wiLliuut  any  further  preamble. 

I.  Jin  neeomi  o/ihe  wuikod  of  expeHmmiHng  en^ployod  in  lAe  enpe* 
rimmiU  whiek  have  to  dtf  relaitd pretenify. 

In  order  to  oany  out  thb  method  of  ezperimentiDg,  the  instraments 
neeeMuy  are  two  imall  okctioBcopes,  two  ixunlating  gtaiub  upon  which 
to  fix  thMo  deotioieopet,  md  a  oooductiiig  rod  with  an  imokting  handle. 
£aeh  electroaoope  is  profided  in  the  usnal  way  with  a  pair  of  gold  leaTei^ 
and  with  atips  of  tinfoil  in  the  intetior  of  the  glass  hell  of  the  initromenfy 
and  it  has^  In  iiddition»  an  opening  ondemeath  the  wooden  base,  by  which 
it  may  be  screwed  on  the  top  of  the  insnhitmg  stand.  Each  insokting 
stand  is  a  pieoe  of  glass  rod  9  or  10  indiea  in  length,  fixed  by  its  lower 
end  into  a  saitshte  foot,  and  haring  at  the  upper  end  a  screw  whidi  fita 
into  the  opening  underneath  the  wooden  base  of  the  deetrosoope.  In  one 
stand  (for  reasons  which  will  appear  presently)  the  glass  stem  is  Tarnished ; 
in  the  other  it  is  left  unvarnished.  The  conducting  rod  may  be  of  any 
fimn.  For  the  rest,  all  that  need  now  be  said  is  that,  in  order  to  avoid  the 
chance  of  electricity  being  developed  by  the  friction  of  lackered  surfaces, 
the  caps  of  the  electrosoopeab  and  the  end  of  the  conducting  rod  which 
has  to  be  brought  into  contact  with  the  caps  at  certain  times,  are  left 
unlackered,  and  that,  in  order  to  secure  as  good  insulation  as  possibk^  the 
exterior  of  the  electroscopes  are  well  ramished  whenever  practicable. 

In  preparing  fbr  an  experiment,  the  electroscopes  are  screwed  on  the 
insulating  stands,  and  then  charged  in  a  particular  way  with  free  electricity — 
the  one  with  free  positive  electricity,  the  other  with  free  negative  electricity. 
This  charge  is  obtained  by  gently  rubbing  the  glass  stem  of  the  insulating 
stands  between  the  finger  and  thumb — the  positive  electricity  from  the 
unvanii^lied  glass  stem,  the  negative  from  that  which  is  varnished.  The 
electricity  thus  obtained  is  comumuicated,  not  to  the  cap,  which  is  in 
direct  communication  with  the  gold  leaves,  but  through  the  wocuUn  base 
to  the  tiitfoil  slips  which  run  halfway  up  the  interior  of  the  glai?s  bell  of 
the  electroscope;  and  thus,  instead  of  In  iiiL';  cliart^ed  directly,  the  gold 
leavt  s  become  charged  inductively  with  the  opposite  kind  of  electricity  to 
that  'ivhich  is  communicated  to  the  tinfoil  shps.  The  result  ot  dt  ing  this 
is  thai  the  gold  leaves  take  up  a  given  degree  of  rli\tTgcnce,  and  that  they 
remain  divergent  so  knig  as  the  tinfoil  slipa  rttain  their  charge  of  electricity. 
Charged  iu  this  manner,  in  ftict,  the  gold  leaves  cannot  be  brought 
together  by  placing  a  conductor  bet\\  een  the  cap  of  the  electroscope  and 
the  earth;  indeed,  so  f.u  from  this  being  possible,  the  cITcct  of  placing  a 
conductor  in  this  puaiiiuu,  under  these  circumstances,  is  (as  may  eaiiily  be 
updcfstuudj  to  increase  the  divergence  of  the  gold  ieaveii. 
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Now  wliat  has  to  be  done  in  preparing  for  an  experiment  is  to  get  the 
gold  leaves  ia  that  second  position  of  divergence  into  which  they  pass  when 
the  discharging  rod  is  applied  to  the  cap  of  the  charged  electroscope. 
First  of  all.  the  gold  leaves  are  made  to  diverge  to  a  given  degree  bjr 
charging  the  electroscope  in  the  manner  which  has  been  deacribed ;  then 
the  conducting  rod  is  placed  in  poaition  and  the  gold  leaves  are  made  to 
talce  up  the  Adl  d^;ree  of  divergeDoe  by  so  doing;  and  when  thu  is  done 
the  electioBoopes  are  ready  for  nae« 

The  electroscopes  being  '*set"'  in  this  manner,  the  experiment  whidi 
has  to  be  performed  consists  in  bringing  the  body,  whose  eleetricsl  con* 
dition  has  to  be  examined,  to  the  cap  of  each  electroscope  in  tnm,  and  in 
noting  the  movements  of  the  gold  leaves.  The  experiment  is  simple,  and 
the  results  are  these.  When  the  body  is  electrified  positively,  it  cansea 
increased  .divergence  of  the  gold  leaves  in  the  electroscope  in  which  these 
leaves  are  electrified  with  positive  electricity ;  and  cfee  veni^  when  the 
body  is  electrified  negatively,  it  causes  increased  diveigcnce  of  the  gold 
leaves  in  the  electroscope  in  which  these  leaves  are  electrified  with  negative 
deetricity,  and  diminished  divergence  in  the  electroscope  in  which  these 
leaves  are  electrified  with  positive  electricity.  These  are,  as  will  be  easily 
understood,  the  movements  of  the  gold  leaves  which  must  take  place  under 
these  circumstances.  Moreover  the  charge  of  electricity  in  the  electroscope 
reacts  upon  the  body  which  is  brought  to  the  cap  of  the  mstrument,  and 
produces,  in  a  way  which  is  mtelli^ble  enough,  a  certain  small  amount  of 
UBcreased  divergence  of  the  gold  leaves  of  both  dectroseopes.  Now  this 
slightly  increased  divergence  of  the  gold  leaves  in  hoik  electroscopes  is  of 
little  or  no  moment  when  bodies  dectrified  with  comparativdy  large 
amounts  of  (ree  dectridly  are  made  to  act  upon  the  caps  of  the  mstrument^ 
but  it  b  of  great  moment  when  these  bodies  are  deetrified  with  minute 
amounts  of  free  dectridty;  for  in  thn  case  the  movements  of  the  gold 
leaves  arising  ftom  the  action  of  the  free  dectridty  wiU  be  exaggerated  or 
masked  acoOTding  as  they  happen  to  be  in  the  same  direction  or  in  the 
oppodte  direction  to  the  movements  produced  by  the  reaction  of  the 
charge  in  the  electroscopes.   Thui,  if  the  degree  of  increased  divei]genoe 
in  the  gold  leaves  of  Mh  electroscopes  arising  from  the  reaction  of  the 
charge  in  the  instruments  be  =2,  and  if  the  dteration  in  the  divergence 
of  the  gold  leaves  produced  by  the  action  of  free  dectridty  be  of  the  aame 
valuer  that  is  =2,  the  result  of  thia  latter  action  will  be^  not  increased 
divergence  of  the  gold  leaves  =2  in  one  electroscope^  and  dimlnidied 
divergence  of  these  leaves  ^2  in  the  other  instrument,  but  increased 
divergence  3s4,  in  the  electroscope  in  which  it  causes  increased  divergence 
(Ibr  in  this  case  it  is  the  action  of  the  free  electricity  pUm  that  of  the 
reaction  of  the  charge  in  the  instrument,  2+2^4),  and  no  dteratimk  of 
divergence  in  the  electroscope  in  which  it  causes  diraimshed  divergence 
(for  in  this  case  it  is  the  converging  action  of  the  free  electricity  minus  that 
of  the  diveiiging  action  of  the  charge  in  the  instrument^  that  is»  2— 2as0), 


Digitized  by  Google 


1866.]  Ifuiicationt  qf  Animal  EUctrieUy^ 


159 


— «nd  10  alio  in  nmilar  eifM>  tlie  movement  of  Inereaeed  diTergenoe  of  the 
gold  leaves  in  both  electroscopes  arising  from  the  reaction  of  the  chaige  in 
the  instrument  bang  added  to  or  subtracted  ftom  the  moTcment  of  the 
gold  leaves  produced  by  the  action  of  firee  electricity,  aooordiag  as  these 
movements  happen  to  be  in  the  same  or  in  opposite  directions. 

These,  then,  beiog  the  fiieta»  it  is  easy  to  see  how,  by  using  two 
ekctioscope^  it  is  posnble  to  eliminate  the  reaction  of  the  charge  of 
deetridty  in  the  instruments  upon  the  gpld  leaves,  and  to  make  this 
reactiao  teU  in  making  more  obvious  the  action  of  very  minute  quantities 
of  dectricity .  It  is  easy  to  eliminate  the  reaction  of  the  charge  of  electricity 
in  the  electroscopes  upon  the  divergence  of  the  gold  leaves  s  for  this  resction 
causes  sltghUy  increased  divergence  of  these  leaves  in  hM  instruments. 
It  is  easy  to  make  the  resction  of  the  chaige  of  electricity  in  the  electro- 
scopes upon  the  divergence  of  the  gold  leaves  tell  in  making  more  obvious 
the  action  of  free  electricity  upon  the  divergence  of  these  leaves ;  for  it  is 
plain  that  in  the  electroscope  in  which  the  action  of  positive  electricity 
causes  increased  diveigenoe  of  the  gold  leavee»  this  movement  will  be  aided 
by  the  increased  divergence  of  these  leaves  arising  from  the  reaction  of  the 
charge  of  electricity  in  the  electroscopes,  and,  vice  ver»d,  that  in  the 
electroscope  in  which  negative  electricity  causes  increased  divergence  of 
the  gold  leaves  this  moTemrnt  will  be  nided  by  the  increased  divergence 
of  these  leaves  arising  from  the  rt  ac  tion  of  the  electricity  in  the  instrument* 
Nor  does  it  follow  that  one  of  the  electroscopes  is  in  reality  superfluous. 
A  priori,  indeed,  it  might  be  supposed  that  one  clectmscope  would  be 
sufficient.  It  might  aiiptar  enough  to  take  the  movements  of  increased 
divergence  of  tlu  i^oM  leaves  as  evidence  of  the  action  of  one  kind  of 
electricity,  and  tlie  movements  of  diniiui^hcd  diverLrcnce  as  evidence  of  the 
other  kind  of  electricity.  But  wlien  dealing  nmiIi  minute  quantities  of 
electricity,  it  is  found  practically  that  the  moveiiituts  of  (Jitniiiished 
divergence  are  not  so  easily  produced  as  those  of  increased  divergence, 
and  that  there  are  impeUmients  to  free  raovemeiiL  in  this  direction,  arising 
from  the  clashing  of  the  movement  of  diminished  divergence  due  to  the 
action  of  free  electricity  witli  the  uiovcuiiut  of  increased  divergence  due  to 
the  reaction  of  the  tliar^c  of  electricity  in  the  eltctruscopc.  In  short, 
the  plain  truth  appears  to  be,  not  only  that  the  two  electroscopes  act  as  a 
check  upon  each  other,  and  show  the  same  thing  from  two  different  points 
of  view,  but  that  they  fumidi  evidence  which  in  itself  is  far  more  con- 
clusive, when  dealing  with  minute  quantities  of  eketricity,  than  can  be 
got  from  dther  instrument  ring^y. 

In  the  description  of  the  experiments  upon  which  I  am  now  about  to 
enter,  it  is  necessary  to  be  able  to  distingiush  the  two  electroecopes  the 
one  from  the  other;  and  I  propose^  therefore^  to  speak  of  the  instrument 
in  which  the  gold  leaves  are  charged  with  positive  electricity,  and  in  which 
positive  electricity  causes  increased  divergence  of  these  leaves,  as  the  FariHve 
£ieeiroae€pe,  and  of  the  instrument  in  which  the  gold  leaves  are  charged 
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iriih  negiihe  ebetridty,  and  in  whi^  niigatife  eleetiidtgr  ptoJliifiM  inenaied 
dmfg^ee  of  these  learee,  at  tlie  Negative  SZeelrMMgw. 

II.  An  nccorntf  of  eTperiUf'.'/i  fs  in  some  of  u'JiirJi  rlectroscopic  ifu/ica/inni 
of  antmai  elect  f  icity  were  detected  bjf  the  metliod  of  experimenting  which 
has  just  been  described. 

In  this  ncoount  the  degree  of  moTement  of  the  gold  leaves  is  <"(^ifatfd 
by  arbitrary  figures.  It  is  assumed  also  that  the  increased  difeigeiioe  of 
the  gold  leaves  io  both  electroscopes,  which  moveinent  has  been  aeea  to 
ariie  from  the  reaction  of  the  charge  of  electricity  in  the  electroaoopc^  it 
■b2  ;  and  in  each  experiment  this  figure  is  added  to  the  movemci^  pro* 
duced  by  the  action  of  free  electricity  in  the  case  where  this  action  causes 
increased  divergence  of  the  gold  leaves,  and  subtracted  in  the  case  where 
this  action  causes  diminished  divergence  of  thece  leaves.  Thus,  in  the 
case  where  the  movement  of  the  gold  leaves  arising  from  the  action  of 
free  electricity  is  =3,  the  actual  movement  of  the  gold  leaves  in  thfr 
instrument  in  wliich  there  is  iricrpa-sfd  divergence  of  these  leaves  will  be 
=  5,  for  3  4-2  =  5,  and  in  the  instrument  in  which  there  is  diminished 
diverr^rpiu'i'  of  these  leaves  will  be  =3],  for  3  —  2=1.  Or,  in  the  case 
where  the  movement  due  to  fn'(  electricity  is  =1,  there  will  be  a  diflferent 
degree  of  increased  divergence  of  the  irold  leaves  in  both  electroscopes ; 
for  in  the  instrument  in  which  the  action  of  the  free  electricity  cavises 
increased  divergence,  the  actual  movement  of  the  gold  leaves  will  be  =3, 
for  1  4-2  =  3  ;  and  in  the  instrument  in  which  this  action  tends  to  cause 
diminished  divergence,  this  temk  iiry  will  be  ovt T|>owered  by  the  increased 
divergence  due  to  the  reaction  of  the  chari^c  of  electricity  in  the  electro- 
scoj)e,  and  the  actual  rnoveuient  which  results  will  be  one  of  inert  asc  I 
divergence  s=  ]  ;  for  the  movement  of  increased  divergence  arising  from 
the  reaction  of  the  charj?e  in  the  electroscope,  =2,  minus  the  movement 
of  diminished  divergence,  =  1 ,  anting  from  tiie  a4^a  of  the  free  electricity^ 
must  be  increased  divergence  =  1 ,  for  2 — 1  =  1, 

In  the  account  of  these  cxjicrinK  nts,  also,  certain  abbreviations  are 
made  use  of :  thus  i.  d.  stands  for  incieased  divergence  of  the  gold  leaTes* 
d.  d.  for  diminished  divergence  of  those  leaves. 

For  the  rest,  I  hare  only  to  add  that  these  experiments,  whicli  I  leave 
to  tell  their  own  story,  with  the  aid  only  of  a  few  short  comments  at  the 
end  of  each  series,  supply  the  first  electroscopic  indications  of  electricity  iu 
living  blood  and  in  living  nerve-tissue,  and  that,  to  say  the  least,  they 
clear  up  all  unrertainty  as  to  the  presence  in  the  living  iiuuian  budy  'litd 
in  living  muscular  iiasuq  of  electricity  capable  of  supplying  like  indications. 

Fittt  Seriei^^ExperimmUt  which  JkmUh  deeiroteopie  imtKetiihm» 
eleeirieity  in  the  Ummg  humem  body. 

In  the  first  four  of  these  experiments  all  that  was  done  was  to  apply  the 
palm  of  my  hand  or  the  tips  of  my  fingers  to  the  cap  of  each  electroscope 
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Id  torn,  and  to  note  the  mofemente  of  the  gold  leme  piodaeed  by  so 
doing.  In  the  fifth  experiment,  the  pert  experimeiited  upon  wis  brooght 
to  the  eqie  of  the  eleotroeeopes  by  taking  hold  of  nloop  of  aOk  bnnd  which 
had  been  pievionsly  attadied  to  it« 

Egp,  1 . — In  thit  case  the  retalt  was  d*  d.8s4  in  the  n^tire  electioBcope, 
and  i.  d.— 8  m  tihe  poeitive  electroscope, — a  fesdt  showing,  as  has  been 
ah«adj  exphunedt  that-  the  eleetraeeopes  were  acted  upon  by  positive 
eleetrieity 

Egp,  2.— Here  the  mofeiMttts  of  the  gold  leares  mdieated  the  action  of 
positive  eleebricity  »2,  the  facts  betng^o  alteration  of  the  divergence  of 
the  gold  kaves  in  the  negative  electroscope^  and  i.  d.ai4  in  the  positive 
dcctroscope* 

Exp.  3. — In  this  case  there  was  i.  d.=2  in  both  electroscopes — a  stale  of 
things  showing  that  the  hand  was  electrically  neutral  at  the  time,  seeing 
tiiat  the  movements  of  the  gold  leaves  were  only  those  which  were  dne  to 
the  naction  of  the  charge  of  electricity  in  the  electroscopes. 

Exp.  4 . — Here  thcTO  was  no  alteration  of  the  divetgence  of  the  gold  leaves 
in  the  positive  electroscope,  and  i.  d.ss4  in  the  negative  electroscope — a 
state  of  things  (the  reverse  of  what  happened  in  Exp.  2)  signifying  that 
tiie  electroscopes  were  being  acted  upon  by  negative  electricity  =2. 

Exp.  f). — A  part  of  a  foot  which  had  been  removed  by  amputation  from 
A  patient  in  the  Westminster  IIn?j)ital  twenty-four  liours  previously  was 
tho  part  evjUTiinentf (1  upon  in  this  instance  ;  and  the  result  was  the  srtme 
R8  in  Ex}).  iiftiiii'lv,  i.  d.  =  2,  in  loth  electrcjsc-ope^  cqiiHlIv the  result 
which  is  brought  about  when  a  body  wluf;h  is  electncaiiy  neutral  is  brought 
to  the  caps  of  the  t'lt  ctroscopes. 

I  have  perlormed  experiments  like  (he  first  four  many  hundred 
times,  f\n<l  I  liave  repeatedly  tested  in  the  Fame  way  the  electrical  condi- 
tion ot  other  persons.  In  the  great  majority  ot  iii'itnncca  the  elect roscnpic 
indications  were  tlioae  of  positive  electricity.  Only  now  and  then  ali  elec- 
troscopic  indications  were  absent.  I  have  also  on  several  occasions  repented 
the  experiment  on  portions  ol  the  dead  body,  and  always  without  finding 
any  sigiis  of  electricity.  More  than  once,  on  the  same  occasion,  I  have 
found  siroug  indications  of  positive  electricity  in  one  person,  and  very 
feeble  indications,  or  no  indications  whatever,  in  another  person.  More 
than  once  also  I  have  been  ahle  to  deteet  electricity  in  my  own  hody,  or  in 
the  bodies  of  other  persons  st  an  elevation  of  some  feet  above  the  ground, 
when  St  was  impossihle  to  do  so  on  the  ground  itself.  In  fhct  I  have 
obtained  proof  of  the  existonoe  of  great  variations  in  the  electricity  of  my- 
self and  othera  at  various  times  and  under  various  dtcomstances*  and  I 
have  begun  a  systematic  series  of  observations  with  a  view  to  ascertain  the 
electrical  eondhion  of  the  human  body  at  different  times  and  under  difPerw 
ent  circumstances  as  to  health  and  disease.  I  have  already  in  this  way 
arrived  at  some  curious  results*  and  I  have  certainly  seen  enough  to  make 
me  hope  tiiat  a  knowledge  of  the  electrical  changes  in  human  bodies  may 
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ihcd  nraeh  light  upoii  the  diangef  whidi  are  oonCbwUj  taking  place  in 
die  Tital  eondttion  of  tlie  human  bodjr,  eapedaUy  when  the  deetrieal 
ehaoges  within  the  hody  aie  taken  m  oonneiion  with  electrical  and  other 
chaugca  without  the  body. 

Smimd  SeruB^-^Sgpenmemis  which  Jkrmsh  eleeir09eopk  uuKmI  joM  qf 

eUdfieiiff  in  iwm^  blood, 

Tht  blood  med  in  this  leriea  of  ezperimenta  waa  collected  in  a  wide* 
uonthed  gbua  bottle  capable  of  holding  about  2  ot.  Immened  in  the 
hkiod  and  pnjeetmg  to  a  conTenicnt  diatance  ftom  the  neck  of  the  botll^ 
waa  a  piece  of  platinum  wire.  The  bottle  wa§  prorided  with  a  loop  of  alk 
bidd>  whidi  loop  waa  fiutened  in  auch  a  way  aa  to  allow  the  botde  to  be 
lifted  np  by  it  without  spilling  the  contents ;  and  the  necenaiy  communi- 
cation with  each  electroaeope  in  turn  was  made  by  taking  hold  of  the  loop 
and  by  bringing  the  platinum  wire  projecting  ftom  the  mouth  of  the  veasd 
into  connexion  with  the  cap  of  the  instrumsnt. 

Exp,  6«^In  this  case  the  blood  used  was  from  the  internal  jugular  iPcin 
of  a  donkey,  and  the  electroecopie  indications  obtained  were  those  of  negative 
eUetricity  s  6,— ^the  actual  moTcments  of  the  gold  leaves  being  d,  d.  =s  4  in 
the  positive  electroscope,  and  i.  d.  =  8  in  the  negative  electroscope* 

Exp.  7* — Here  the  blood  was  from  the  internal  carotid  artery  of  the 
came  donkey  which  had  iumished  the  venous  blood  used  in  the  last  expe- 
riment ;  and  the  result  was  also  the  same,  namely,  d.  d.  w  4  in  the  poei* 
tire  electroscope,  and  i.  d.  »  8  in  the  negative  electroscope,— a  leanlt 
denoting  the  action  of  nq;ative  electricity  =  6  upon  the  instruments. 

Emp,  8. — In  this  experiment  blood  from  the  carotid  artery  of  a  sheep 
was  examined ;  and  the  movements  of  the  gold  leaves  were  those  of  positive 
electricity  ■=  2,  there  being  no  alteration  of  the  divergence  of  the  gold  leaves 
in  the  negative  electroscope,  and  i.  d.  =  4  in  the  positive  electroscope. 

Eip»  9.— Here  the  blood  used  was  from  the  carotid  artery  of  a  dog. 
The  examination  was  made  without  loss  of  time,  and  the  animal  seemed  to 
be  in  good  health ;  but  all  signs  of  electricity  in  the  blood  were  absent^  the 
movementsof  the  gold  leaves  being  those  of  i.  d.  *  2  in  both  electniaeopes 
equally. 

Exp.  10. — The  blood  experimented  upon  in  this  case  was  that  which 
bad  been  already  used  in  Exp.  6,  an  inferral  of  an  hour  and  a  half  having 
elapsed  between  the  two  experiments.  In  the  former  experiment  the  blood 
gavf  elpftrosropic  indications  of  negative  electricity  =  6  ;  in  this  instance 
these  indications  iiad  disappev^  altogether,  for  there  was  i.  d-  =  2  in 
both  electroscopes  e(jually. 

T  have  repeated  expcrinients  like  these  many  times  upon  the  blood 
of  various  animals— oxen,  sbecp,  dogs,  rabbits,  and  soon — sometimes  upon 
pure  artt  rial  bl(K)d,  sometimes  upon  pure  venous  blood,  mo  p  frequently 
upon  tbe  mixed  stream  which  loliown  the  knile  of  tiie  buti  ln-r  in  the 
ordinary  process  of  slaughtering  sheep  and  oxen.   As  a  rule,  1  have  found 
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dMided  cfeeUofoopio  mdicBtioiii  of  n^gitiTe  deoCrid^  ladUferently  in 
aitorial»yaioiu» or  mixed  bloodi  notunfrequently  I  bm  failed  to  find  any 
aneb  ngns.  Now  and  then  I  BaYe  foimd  comparatiTely  fteUe  {dgDB  iS 
po«i^  eleetrieHj.  In  every  case  alao  where  I  hiave  eiamined  blood  after 
an  interval  of  an  hour  or  ao  from  the  time  when  it  bad  flowed  fteih  from 
the  veaaely  I  Med  to  detect  any  aign  of  electridty,  negetiTe  or  poaitive. 
Theae  experimenta  no  donbt  leave  much  to  be  diacovered  in  the  aame 
direction,  bnt  tbia  at  leaet  they  do,— <ihey  fnroiah  the  tot  dectroeeopie 
proof  of  the  preaenoe  of  electrieity  in  living  blood.  Nay,  it  ia  perbape  not 
too  mneh  to  aij  that  tb^  aopply  the  firat  nneqnivoeal  proof  of  electricity 
in  Uood^ibr  the  current  eleetiieity  recently  obtamed  from  Uood  by  If. 
Seontteten  and  Dr.  Sbettle  mttif  in  reality  be  nothing  more  than  the  result 
of  ehemical  and  other  changea  produced  by  the  blood  upon  the  terminal 
wire  of  the  galvanometer  uaed  in  theae  ezperimenti* 

Third  Sariei,^£xperimenU  whicJi  fitrnish  elect roscapie  indieationt  of 

electricity  in  living  HervC'tiuue* 

The  plan  adopted  in  thU  aeries  of  experimenta  was  to  tie  a  loop  of  silk 
braid  to  the  part  to  be  experimented  on,  and  to  uae  this  loop  as  the  means 
for  brmgin^  this  part  to  the  cap  of  each  electioaeope  in  turn. 

Exp,  11. — The  medulla  oblongata  of  an  ox  obtained  a  few  minutes  after 
the  animal  had  been  killed  in  the  ordinary  way  in  the  BhambleSt  waa  the 
part  used  in  this  experiment.  At  one  time  the  cut  surface  exposing  the 
transverse  section  of  the  fibres  and  the  internal  grey  matter  was  brought  to 
the  caps  of  the  electroscopes ;  at  another  time  the  uncut  surface  corre- 
sponding to  the  longitudinal  surface  of  tbc  fibres  woa  treated  in  this  man- 
ner ;  and  in  each  case  tbc  movements  of  the  gold  leaves  were  indicative  of 
the  action  of  positive  electricity  =  G,  or  thereabouts,  the  only  difference 
|>ercej)tible  being  a  slight  one  of  degree.  The  average  movements  obtained 
were  those  of  d.  d.  ^  4  in  the  n^atire  electroscope,  and  i.  d.  ^  8  in  the 
positive  electroscope. 

JJxp.  12. — The  brachial  enlargement  of  the  spinal  cord  of  an  ox, 
taken  out  of  the  canal  when  the  carcass  was  bciag  split  into  two  lateral 
halves  at  tlie  usiml  time,  tliat  is,  about  half  an  hour  from  the  moment 
when  the  animal  had  been  ftllrd  with  the  pole-axe,  was  Ui>ed  in  this 
experiment,  and  tiie  retsuk  wa^j  d.  d.  =  4  ui  the  negative  electroscope,  and 
i,  d,  =  8  in  the  positive  electroscojie.  It  was  fouud  also  that  this  result 
wai  the  same,  ex(»pt  in  some  trilling  difference  in  degree,  in  the  case  where 
the  transverse  sectional  surface  of  the  fibres  was  brought  to  the  caps  of 
the  electroscopes,  and  in  the  case  where  the  longitudinal  aurlucc  of  these 
fibres,  natural  or  artificial,  waa  exammed  in  this  manner. 

Exp,  13. — Here  the  part  examined  waa  the  posterior  lobe  of  the  cere- 
brum of  a  sheep  which  had  been  kUled  in  the  usual  way  a  few  minutes 
previously  in  the  shambles.  No  time  was  lo&t  in  making  the  necessary 
preparations,  but  not  the  ghghtcst  indicatiom     electricity  were  obtainable, 
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tihe  moremmitB  being  only  tliow  of  i.  d«  ^  2  in  botli  deotmoopM 

JSq>.  14. — Hub  oerebettnm  of  a  dieep  was  jiamuied  in  tbis  etperimenty 
and  the  raralt  waa—no  alteiatioii  in  ihe  diveigaua  of  the  gold  learat  in 
tbe  negativa  e1eetroicope«i  and  i.  d.  ib  4  in  tha  pontive  aleotfoioqpem  a 
state  of  thinge  indiciting  the  action  of  poritife  deaCrid<7  ^  2  upon  the 
inBtrumenta.  It  was  ascertsined  also  that  all  parts  of  the  cerabeUnm  in* 
differently  behaved  in  the  same  manner. 

Ssep,  15, — ^In  this  experiment  the  brain  of  a  donkey  jnst  kiOad  by  loss 
of  blood  was  ezamined«  and  it  was  found  that  all  parts  of  the  sor&oa  indif- 
ftrently,  natural  or  artifidal,  gave  similar  indieations  of  negative  deetridly 
»  4,  there  being  d.  d.  2  in  the  positire  eleetrosoope^  md  i.  d.  b  6  in 
the  negatiTe  deotrosoope. 

Esqp,  16.— The  brain  of  the  donkey  used  in  the  last  axpefhnent  was  used 
also  in  this  instance,  an  interval  of  an  hour,  or  thereabouts,  having  elapsed 
between  the  two  experiments.  When  first  examined  this  organ  gave  indi- 
cations of  negative  electricity  s  4 ;  now  It  was  found  to  haye  lost  aU  tracea 
of  electrical  activity  everywhere,  fbr  the  movementa  of  the  gold  leaves  were 
simply  those  of  i.  d.  a  2  in  both  electroscopes  equally. 

These  experiments,  as  I  betiere^  bring  to  light  a  new  fact,  inasmuch 
as  they  fbmish  tiie  first  eleetroBCO|no  proof  of  the  prince  of  dsotridty  in 
Ixrbg  nerre-tissue.  Judgmg  fnm  these  and  several  other  experiments  of 
the  same  kind,  in  which  dogs  and  rabbits,  as  well  as  oxen,  sheep,  aiid  don. 
ke3rs,  were  put  under  contribution,  it  would  seem  that  living  nervc'tissue, 
as  a  rule,  ibmishes  electroscopic  signs  of  electiidty,  sometimes  positiTC  and 
sometimes  negative  in  character,  and  that  these  signs  are  always  absent 
when  the  nerve-tissue  may  be  supposed  to  have  lost  all  traces  of  vitality. 
And  this  also  would  seem  to  be  a  condnsion  dedudble  from  the  ssma 
evidence— that  aU  parts  of  the  nerve>tissue  presmt  signs  of  the  soMa 
Mnd  of  electricity.  It  would  seem,  in  hct,  as  if  these  experiments  su^ 
gested  a  condusioa  which  is  at  Tariance  with  a  condnsion  draim  by  Pro- 
fessor Du  Bois  Reymond  from  some  of  his  experiments.  Watdung  the 
direction  of  the  "  nerve-current'*  which  passes  throngh  the  gdvanometer 
between  the  longitudinal  surface,  natural  or  artifieid,  of  the  nerve-fibrea, 
and  the  transverse  sectiond  surface  of  these  fibres,  Brofessor  Du  Boia 
B^mond  comes  to  the  conclusion  that  these  two  surfaces  are  in  oppo- 
site dectricd  conditions,  the  one  being  posittn^,  the  other  uegaliY^ 
Because  the  cnirent  passes  in  a  particular  direction,  he  infers  that  theae 
surfaces  must  be  electrified  with  dififorent  kinds  of  electricity.  But 
it  is  phun  that  the  current  mig^t  pass  between  parts  electrified  with 
d^erent  degrees  of  the  Mtine  dectrkt^;  and  indeed  M.  Du  Bois  Bey- 
mond  himself  explains  the  current  passing  between  two  points  of  the  same 
surface  in  this  manner;  and  therefore,  even  on  lus  own  showing^  there  ia 
no  necessity  to  suppose  that  the  longjtadind  snrfiice  of  the  nerve>fibrea  it 
dectrified  with  one  kind  of  dectrietty  and  the  tiamvene  sectioiial  ioclaee 
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oi  tiic  fibres  with  the  other  kind.  At  any  rale,  the  facts  revealed  by  tlie 
electroscope  do  not  appear  to  be  of  doubtiul  significance,  and  the  only 
infereuce  which  I  can  deduce  hom  them  is  that  every  part  of  the  sur- 
face of  living  nerve-Lii^suc,  natural  or  artiticiul,  furnishes  signs  of  the  same 
kind  of  electricity,  and  that  the  only  electrical  differences  between  one  part 
•nd  another  are  nothing  more  than  diilcieuccb  uf  dcgrue. 

Fmarih  Sen&8» — Sttperiments  which  /kmuh  electroscopic  indications 

tUctrieity  in  Uving  muscular  tissue. 

In  this  scries  of  experiments  the  mode  of  proceeding  was  the  same  as 
that  adopted  in  the  Inst  series. 

JSj^,  17. — ^Tlie  piece  of  muscle  examined  in  thU  experiment  was  cut  out 
of  the  sterno-niastoid  of  an  ox  a  few  moments  ut'u-r  the  animal  had  been 
killed  iu  the  shamblc^J,  and  every  part  of  the  ^urtarr  av:i<  tc.-ted  in  turn, 
and,  except  in  some  trifling;  difference  iu  degree,  the  mo^ernenU  of  the  gold 
li  nves  were  in  all  cases  indicative  of  the  action  of  positive  electricity  »  6, 
these  movements  being  those  of  d.  d.  =  4  in  the  negative  electroscope,  and 
those  of  i,  d.  =  8  in  the  positive  electroscope. 

f'>  rp,  18. — Ilere  the  stenio-mastoid  of  a  sheep  jusL  killed  m  the  ordinary 
way  111  the  shambles,  furnished  the  material  for  experiment,  and  the  result 
was — no  alteration  in  the  divergence  of  the  gold  leaves  in  the  negative 
electro^^Ldjie,  and  i.  d.  =  4  in  the  positive  electroscope — a  result  showing 
the  action  uf  positive  electricity  =  2  upon  the  electroscopes. 

Exj).  19. — In  this  instance  the  portion  of  muscle  examined  was  taken 
from  the  glutieus  maxiiaus  of  a  donkey  which  had  just  been  killed  by 
hemorrhage,  and  it  was  found  that  all  parts  of  the  surface  indifferently 
supplied  indications  of  negative  electricity  ==  1,  the  movements  of  the  gold 
leaves  being  those  of  i.  d.  =  1  iu  the  positive  electroscope,  and  i.  d.=s3 
iu  the  negative  electroscope. 

Exp.  20.~A  piece  of  the  left  Tentricle  of  the  heart  of  a  dog  jiut  dead 
from  hsmonliage  was  examined  in  this  instance,  and  tlie  onfy  morementa 
of  the  gold  leaves  were  those  wMch  are  produced  by  the  action  of  a  bodj 
electricaUy  neutral,  namely,  i.  d. »  2  in  both  electroscopes  equally. 

21. — Here  the  piece  of  muscle  expeiimented  npon  was  that  used 
in  Exp.  17>  Twehe  houis  had  elapsed  between  the  two  ezperiments,  and 
rijjfor  marti9  had  now  iblly  set  in,  and  the  reiolt  showed  that  the  poaitiTe 
electridt^r  whkh  was  present  foimerlj  was  no  longer  present,  the  more- 
ments  of  the  gold  leaves  bemg  amply  those  of  L  d.  :=  2  in  both  eleetfo- 
scopes  equally. 

*i*  With  the  exception  of  an  experiment  in  which  Professor  Matteaed 
inddentallf  states  that  he  obtained  ''signes  de  tcnsbn  avee  on  condensa- 
tear  d^Hcat*'  from  one  of  his  "muscuUff  piki,''  these  experiments  for* 
nish,  so  fiur  as  I  know,  the  onlj  electroscopic  indieationB  of  the  presence  of 
electricity  in  living  moscular  tissue — ^perhaps  the  very  first  really  iKsltfief 
prooft  of  this  fiu^  I  have  repeated  these  eiperiments  several  times  on 
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the  miude^,  lifing  and  dead^  of  vaiioiu  uimml4»  oxen,  sheep,  donkeji, 
and  rahhita^  and  I  have  found  in  the  great  majority  of  instanoea  that 
all  parts  of  the  aorfaoe  of  living  muicle  funiBhed  indicattooa  of  the  aame 
kmd  of  deetricity,  that  this  eleetridty  wu  lometimei  positiYe^  sometimcd 
negative^  and  that  theae  signa  were  invariably  abaent  in  mnade  whieh  had 
paaaed  into  the  atate  of  Morlw.  These  ezperimenta,  moreover,  make 
it  difficult  to  agree  with  Frofeasor  Du  Bois  Beymond  in  thinking  that  the 
longitudinal  sarface,  natural  or  artificial,  of  the  muscular  fibres,  and  the 
traamrse  sectional  surfiiee  of  these  fibres,  are  electrified  with  different  hind» 
of  dectneitj«  With  respect  to  the  electricity  of  mnscular  tissnei  indeed,  it 
aeems  to  he  prsciiely  as  it  is  with  respect  to  the  eleotridfy  of  nerve-tissue, 
namely  this,  that  all  parts  of  the  surface  are  electrified  with  the  same  kind 
of  electricity,  positive  or  negative  as  the  case  may  be,  the  only  difference 
between  one  part  and  another  being  one  of  d^;ree ;  and  the  comments 
npon  M,  Du  Bois  Raymond's  conclusions,  when  speakmg  upon  the  oondi* 
tion  of  nerve-tissue  as  to  electricity,  are  equally  applicable  to  the  present 
case,  if  only  the  words  muscular  tissue  and  muscular  current  be  substituted 
for  nem-tiasue  and  nerve-eunent. 


In  conclusion,  it  only  remaina  for  me  to  direct  attention  to  one  bearing 
of  the  fiuits  recorded  iu  this  paper.  These  facts*  one  and  all,  exhibit  ani- 
mal electricity,  not  in  the  form  of  a  feeble  nerve-current,  or  of  a  feeble 
mttseolar  current  or  of  the  still  feebler  currents  of  leas  definite  character, 
bnt  as  endowed  with  a  considerable  amount  of  tension.  Tliey  bring  to 
light  a  property  of  animal  electricity  which  is  more  intelligible  on  the  sup- 
position that  the  jprimary  condition  of  this  electridty  is  not  current  but 
atatical.  It  is  easy  to  account  for  these  phenomena  of  tension  if  the  pri- 
mary condition  of  animal  electricity  be  statical,  for  tension  is  the  charactcr- 
istio  property  of  statical  electricity ;  it  is  by  no  means  easy  to  account  for 
these  phenomena  of  tensioii  if  the  primary  condition  of  animal  electricity 
be  that  of  the  current  revealed  by  the  galvanometer,  for  the  currents  so 
revealed  are  far  too  feeble  to  allow  one  to  suppose  that  they  can  be  endowed 
with  an  appreciable  amount  of  tension.  Iu  a  word,  with  the  phenomena 
of  tension  to  account  for  which  sre  revealed  in  the  experiments  recorded 
in  this  paper,  the  natural  inference,  as  it  aeems  to  me,  is  that  the  primary 
condition  of  animal  electricity  is,  not  current,  but  statical,  and  that  the 
currents  made  known  by  the  galvanometer  to  which  SO  much  attention 
has  been  paid  of  late — the  muscular  current,  the  nerve-current,  and  tlie 
rest— are  secondary  phenomena  developed  accidentally  by  placing  the  ends 
of  the  coil  of  the  galvanometer  so  as  to  include  points  in  which  the  dec* 
ti  icity  is  different  in  degree.  Nay,  it  would  seem  that  these  currents  may 
in  reality  be  a  retarded  discharge  of  statical  electricity,  for  it  is  a  fact  that 
they  cannot  be  detected  without  a  coil  of  which  the  wire  is  so  long  and  SO 
fine  as  to  be  capable  of  giving  sufficient  lesiaUuice  to  bridle  a  discharge 
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into  the  quieter  pace  of  ordiDarj  cnrrentt*.  Mtnj  important  come* 
quences  in  physiology  and  in  pathology,  as  I  think,  lesnlt  directly  or 
indirectly  from  thia  view  of  the  natter,  of  which  some  are  set  forth  in 
some  Lectures  which  I  gm  at  the  College  of  Fhyndana  in  London 
three  yean  ago,  and  which  hare  since  appeared  hi  print ;  hot  it  is  no 
part  wj  present  task  to  consider  theie  conseq[nenoes.  Indeed,  what  I 
proposed  to  do  in  this  paper  I  have  now  done ;  and  this  was  simply  to  direct 
attention  to  certain  facts  as  Acts,  and  to  otttt  certain  passing  eommonts 
■Qggestcd  naturally  hy  these  facts. 

II.  «'0n  the  Bynamieal  Theofy  of  Ques/'  By  J.  Cushk  Maz- 
WBi.L>  F.B.S.  L.  &  E.   Received  May  16, 1866. 

(Abstract.) 

Gases  in  tliii  tlioory  are  supposed  to  consist  of  molecules  in  motion,  act- 
ing ou  one  .iuoUk  r  >vith  forces  which  are  iuseusible,  except  at  distances 
which  are  small  in  comparison  witk  the  averac;c  distnnro  of  the  molecules. 
The  pntli  of  each  molecule  is  therefore  sensibly  rectilineal-,  except  when 
two  molecides  come  within  a  certain  distance  of  each  other,  in  which  case 
the  direction  of  motion  is  rapidly  changed,  and  the  path  becomes  again 
sensibly  rectilinear  as  soon  as  the  molecules  have  separated  beyond  the  dis- 
tance of  mntiml  action. 

Each  molecule  is  supposed  to  be  a  small  body  consisting  in  general  of 
parts  ca])able  of  being  set  iuto  various  kinds  of  motion  relative  to  each 
other,  such  as  rotation,  oscillation,  or  Tibration,  the  amount  of  energy 
existing  in  tliis  form  bearing  a  certain  relation  to  that  which  exists  in  the 
form  of  tlie  agitation  of  the  molecules  among  each  other. 

The  mass  of  a  nKjIcculc  is  different  iu  difi'ereut  gases,  but  in  the  same 
gas  all  the  molccnlcH  are  equal. 

The  pressure  of  the  gas  ii  on  this  theory  due  to  the  impact  of  the  mole- 
cules on  the  sides  of  the  vessel,  and  the  temperature  of  the  gas  depends  on 
the  velocity  of  the  molecules. 

The  theory  as  thus  stated  is  that  which  has  been  conceiTcd,  with  various 
degrees  of  clearness,  by  D.  Bernoulli,  Le  Sage  and  Prevost,  Herapath, 
Jonle,  and  Krooig,  and  which  owes  its  principsl  developments  to  Professor 
Clansius.  The  action  of  the  molecules  on  each  other  has  been  generally 
asrimilated  to  that  of  hard  elastic  bodies,  and  I  have  given  some  applid* 

•  Tt  is  to  be  piipposod  that  certain  molecules  in  living  animal  bodies  are,  tmdcr  cer- 
tain given  eondition?,  a  constant  Koun'o  of  elpctrieity — nrr  so.  perhaps,  in  the  way  in 
which  certain  molecules  ot  the  electrophorus  aro  nuch  a  80uroe.  Tiie  idea  is  that  this 
eledtrieify  ii  io  supplied  as  to  admit  of  a  series  of  frequent  discharges,  or  to  keep  up  a 
eonatant  ourrent  it  them  disdiargeB  are  retarded  snfflmntlj.  At  nay  rate,  it  does  not 
foUor  that  thii^  coa^tancy  of  the  current  of  animal  olaotridtj  detected  by  the  gidvaiio* 
meter  U  nn  objt^tioti  in  il.self  to  the  fJi^pwwMiy  iwiHitinn  at miwia^  yla^^j^^ifty 

may  be,  not  current,  tmt  staticaL 
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tioii  of  this  foim  of  the  theory  to  the  phenomena  of  Tiscosity,  diffusion,  and 
conduction  of  heat  in  the  Philosophical  Magazine  for  1860.  M.  Clausius 
has  since  pointed  out  several  errors  in  the  part  relating  to  conduction  of 
heat,  aud  the  part  relating  to  diffusion  also  contains  errors.  The  dynami- 
cal theory  of  viscosity  in  this  form  has  been  reiuTestigated  by  M.  O.  E. 
Meyer,  whose  experimental  researches  ou  the  viscosity  of  fluids  have  been 
very  extensive. 

In  the  present  pa|)cr  the  action  between  the  molecules  is  supposed  to  be 
that  of  bodies  repelling  each  other  at  a  distance,  rather  than  of  hard  elastic 
bodies  acting  by  impact ;  and  the  law  of  force  is  deduced  from  experiments 
on  the  viscosity  of  gases  to  ])e  that  of  the  inverse  fifth  power  of  the  dis- 
tance, any  other  law  of  force  being  at  variance  with  the  observed  fact  that 
the  viscosity  is  proportional  to  the  absolute  temperature.  In  the  mathe- 
matical application  of  the  theory,  it  appears  that  the  assumption  of  this 
law  of  force  leads  to  a  great  simplification  of  the  results,  so  that  the  whole 
subject  can  he  treated  in  a  more  general  way  than  has  hitherto  been  done. 

I  Lave  therefore  begun  l)y  considering,  first,  the  mutual  action  of  two 
molecules ;  next  that  of  two  systems  of  molecules,  the  motion  of  all  the 
molecules  in  each  system  being  originally  the  same.  In  this  way  I  have 
determined  the  rate  of  variation  of  the  mean  values  of  the  following  func- 
tions of  the  velocity  of  molecules  of  the  first  system  : — 

a,  the  resolved  part  of  the  velocity  in  a  given  direction. 
fit  the  square  of  this  resolved  velocity. 

y,  the  resolved  velocity  multiplied  by  the  square  of  the  whole  velocity. 
It  is  afterwards  shown  that  the  velocity  of  translation  of  the  gas  depends 
on  a,  the  pressure  on  /3,  and  the  conduction  of  heat  on  y. 

The  final  distribution  of  velocities  among  the  molecules  is  then  con- 
sidered, and  it  is  shown  that  they  arc  distributed  according  to  the  same 
law  as  the  errors  are  distributed  among  the  observations  in  the  theory  of 

Least  Squares and  that  if  several  systems  of  molecules  act  ou  one 
another,  the  average  viva  of  each  molecule  is  the  same,  whatever  be  the 
mass  of  the  molecule.  The  demonstration  is  of  a  more  strict  kind  than 
that  which  I  formerly  gave,  and  this  is  the  more  necessary,  as  the  "  Law 
of  EqiUTalent  Volumes,*'  so  important  in  the  chemistry  of  gases,  is  deduced 

The  rate  of  Tamtion  of  the  quantities  a,  p,  y  in  an  element  of  the  gas 
is  then  considered,  and  the  following  conclusions  are  arrived  at. 

(a)  iBt.  In  a  mixture  of  gases  left  to  Itself  for  a  sufficient  time  under  the 
action  of  gravity,  the  density  of  each  gas  at  any  point  will  be  the  same  as 
if  the  other  gases  had  not  been  present. 

2ad.  When  this  oondition  is  not  fulfilled,  the  gases  will  pass  through 
eaeh  other  by  diflHsion.  When  the  composition  of  the  mixed  gases  varies 
slowly  from  one  point  to  another,  the  velocity  of  each  gas  will  be  so  small 
that  the  effiects  due  to  inertia  may  be  neglected.  In  the  quiet  diffusion  of 
two  gases,  the  volume  of  either  gas  diffused  through  unit  of  area  iu  unit 
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of  time  is  equal  to  thp  rate  of  diminution  of  pressure  of  tliat  gas  as  we  pass 
in  the  direction  of  tiie  normal  to  the  plane,  multiplied  by  a  certain  cnefti- 
oient,  railed  the  coefficient  of  interdiffusion  of  these  two  gases.  Tins  co- 
( tliLiciit  must  be  determined  experimentally  for  each  pair  of  gases.  It 
varies  directly  as  the  square  of  the  absolute  tcmperntnre,  and  inversely  as 
the  total  pressure  of  the  mixture.  Its  value  for  carbonic  acid  and  air,  as 
deduced  from  experimeats  givea  by  Mr.  Graham  iu  his  paper  on  the 
Mobihty  of  Gases,*  is 

D«=0-0235, 

the  inch,  the  grain,  and  the  second  being  units.  Since,  however,  air  is 
itself  a  mixture,  this  result  cannot  be  considered  as  tiaal,  and  we  ha^e  no 
experiments  from  which  the  coefficient  of  interdiifuaion  of  two  pure  gases 
can  be  found. 

.3rd.  When  two  gases  are  separated  by  a  thin  plate  contaiiiiui;  -i  small 
hole,  the  rate  at  which  the  composition  of  the  mixture  varies  in  ami  near 
the  liolc  will  depend  on  the  thickness  of  the  plate  uuJ  the  size  ui  the  hole. 
As  the  thickness  of  the  plate  and  the  diameter  of  the  hole  are  diminished, 
the  rate  of  variation  will  increase,  and  the  effect  of  the  mutual  action  of 
the  molecules  of  the  gases  in  impeding  each  other's  motion  will  diminish 
relatirely  to  the  moving  force  due  to  the  Tsriation  of  pressure.  In  the 
limit,  when  the  dimeniioiii  of  the  liole  are  indefinitely  small,  the  velocity 
of  other  gas  inH  be  the  ssme  as  if  the  other  gas  were  absent.  Henoe  the 
TolmiMa  diflfbsed  imiler  eqiial  preMwes  will  be  mToiieiyaithe  square  roots 
of  the  specific  gravities  of  the  gases^  as  was  first  established  by  Graham  t ; 
and  th^  qoaatity  of  a  gas  which  passes  throni^  a  thin  plug  into  another 
gaa  win  be  nearly  the  same  as  that  which  passes  into  a  vacniuniQ  the  same 

(fi)  By  considering  the  variation  of  the  total  energy  of  motion  of  the 
mdeeolss,  it  is  shown  that, 

1st.  In  a  mixtare  of  two  gsses  the  mean  energy  of  translation  will  be- 
come the  same  for  a  moleeole  of  either  gas.  From  this  follows  the  law  of 
Equivalent  Yolunes,  discovered  by  GayvLossac  from  chemical  considera- 
tions;  namdy,  that  eqnal  volumes  of  two gases  at  eqnal  pressures  and  tern- 
peratmea  contain  equal  numbers  of  mdeoules. 

2nd.  The  law  of  cooling  by  expansion  is  determined. 

3rd*  The  speelfic  heats  at  constant  volume  and  at  constant  pressure  are 
,  determined  and  compared.  This  is  done  merdy  to  determine  the  value  of 
a  constant  in  the  dynamical  theory  for  the  agreement  between  theory  and 
experiment  with  respect  to  the  values  of  the  two  specific  heatf,  and  their 
ratio  is  a  consequence  of  the  general  theory  of  thermodynamic^  and  does 
not  depend  on  the  mechanical  theory  which  wc  adopt. 

4th.  In  quiet  diffosion  the  heat  produced  by  the  interpenetiataon  of  the 

*  Philosophical  Transactions,  1863. 

t  "On  the  Law  of  tha  DUTmioii  of  Qtm,**  TmnNekioiit  of  the  Boysl  Society  of 
Sdintaisfa,  vol*  »i.  (1831). 
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gases  18  ezaedj  neutnilised  by  the  eooUng  of  each  gai  as  it  ptwca  from  a 
denae  to  a  lara  atate  in  its  progress  throngh  the  mixture. 

5th.  By  conaidering  the  variatioii  of  the  difiSerence  of  preaaorea  m  dif- 
ferent directions,  the  coefficient  of  viscosity  or  internal  friction  is  determined, 
and  the  equations  of  motion  of  the  gaa  are  formed.  These  are  of  the  aame 
form  as  those  obtained  by  Poisson  by  conoeiTing  an  eUurtie  solid  the  strain 
on  which  is  contmually  relaxed  at  a  rate  proportional  to  the  atrain  itself. 

As  an  illoatration  of  thia  view  of  the  theory,  it  ia  shown  that  any 
atrain  existing  in  air  at  rest  would  diminish  according  to  the  values  of  an 
exponential  term  the  modnliia  of  whidi  is  ^  ^  ^  ^~  ^  second,  an  exces- 
sively small  time,  so  that  the  eqnationa  are  applicable,  even  to  the  case  of 
the  most  acute  audible  sounds  without  any  modification  on  account  of  the 
rapid  change  of  motion. 

Thia  relaxation  ia  due  to  the  mutual  deflection  of  the  moleculea  from 
ihm  paths.  It  is  then  shown  that  if  the  displacements  are  instantancooa, 
so  that  no  time  is  allowed  for  the  relaxation,  the  gas  woold  have  an  daati^ 
city  of  finrm,  or  "  rigidity/'  whose  coefficient  is  equal  to  the  pressure. 

It  is  also  shown  that  if  the  molecnles  were  mere  pointi^  not  having  any 
mutual  action,  there  would  be  no  such  relaxation,  ai^  that  the  equations  of 
motion  would  be  those  of  an  elaatic  solid,  in  which  the  coefficient  of  cubical 
and  linear  elasticity  have  the  same  ratio  aa  that  deduced  by  Foiason  from 
the  theory  of  molecolea  at  reat  acting  by  central  forces  on  one  another. 
Thia  comddenee  of  the  results  of  two  theories  so  opposite  in  their  aasnmp- 
tions  ia  remarkable. 

6th.  The  coefficient  of  viscosity  of  a  mixture  of  two  gases  ia  then 
deduced  from  the  viacoeify  of  the  pure  gases,  and  the  coefficient  of  interw 
diffoaion  of  the  two  gases.  The  Utter  quantity  haa  not  aa  yet  been  aaoer* 
tained  for  any  pair  of  pure  gases,  but  it  ia  shown  that  sufficiently  probable 
valuea  may  be  assumed,  which  being  inserted  in  the  formula  agree  very 
well  with  some  of  the  most  remarkable  of  Mr.  Gndiam'a  cxperimenta  on 
the  TVanapiration  of  Mixed  Gases*.  The  remarkable  experimental  resolt 
that  the  viscosity  is  independent  of  the  pressure  and  proportional  to  the 
abaolttte  temperature  is  a  necessary  consequence  of  the  theory. 

(y)  The  rate  of  conduction  of  heat  is  next  detennmed,  and  it  ia  shown 

1st.  That  the  final  state  of  a  quantity  of  gas  in  a  veaael  will  be  such 
that  the  temperature  will  increase  according  to  a  certain  law  from  the  bot- 
tom to  the  top.  The  atmoaphere,  aa  we  know,  ia  colder  above.  Thia  atate 
would  be  produced  by  winda  alone,  and  ia  no  doubt  greatiy  increaaed  by  the 
effects  of  radiation.  A  perfectiy  eahn  and  aunlesa  atmosphere  would  be 
coldest  below. 

2nd.  The  conductivity  of  a  gaa  for  heat  ia  then  deduced  flrom  its  visco- 
sity, and  finmd  to  be 

*  Phaotophical  TVaniselioBSf  1846. 
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whefe  y  ti  the  imtio  of  the  two  spedfie  heats,  the  pressure,  and  the 
density  of  the  standard  gag  at  ahsolnte  tem|>emtiife  0..  S  the  specific 
gravify  of  the  gas  in  question,  and  ft  its  Tisoodtj.  The  condnctiTity  is, 
like  the  Tiiooritj,  independent  of  the  pressure  and  proportional  to  the  ah* 
tolnte  temperature.  Its  Tabe  for  air  is  ahout  3500  times  less  than  that 
of  wrought  iron*  as  detemuned  hy  Principal  Forhes.  Spedfic  gravity  Is 
*0069. 

For  oxygen,  nitrogen,  and  earhome  oxidei»  the  theory  gives  the  condnc- 
tiTity  equal  to  that  of  air.  H}  Ji  ogen  according  to  the  theory  should  have 
a  condnetivity  seven  times  that  of  air,  and  carbonic  acid  about  I  of  air. 

III.  "  On  the  means  of  increasing  the  Quantity  of  Electricity  given 
by  Induction-Machines."  By  the  Kev.  T.  Eomney  Bobinson^ 
D.D.   Eeceived  May  10, 18C6. 

Among  the  remarkable  results  obtained  by  studying  the  spectra  of 
electric  discharges,  is  the  change  exhibited  by  certain  substances  when  the 
nature  of  the  discharge  is  varied.  In  generd  the  mere  spark  shows  fewer 
and  fainter  lines  than  when  a  Leyden  jar  is  in  connexion^  though  the  amount 
of  electricity  supplied  by  the  machine  is  the  same.  In  the  latter  case, 
howerer*  the  discharge  passes  almost  instantaneously,  mid  therefore  its 
concentrated  action  will  be  more  powerful.  But»  as  far  as  I  know,  much 
has  not  been  attempted  towards  increasing  the  power  of  the  jar :  this  can- 
not  be  done  by  increasing  its  surface  (unless  indeed  that  be  too  small  to 
condense  all  the  electricity  supplied) ;  the  supply  itself  must  be  increased. 

This  may  be  done  in  three  ways : — 

First,  the  power  of  the  exciting  battery  may  be  increased.  This,  how- 
ereTy  is  limited  by  the  risk  of  destroying  the  acting  surfaces  of  the  rheo< 
tome  i  and  by  the  decreasing  rate  at  which  the  magnetism  of  the  iron 
core  increases  with  the  primary  current.  In  some  investigations  on  the 
electromagnet  (Trans.  Irish  Academy,  vol.  xxiii.  p.  529)  I  have  shown  that 
its  lifting  power  L  is  approximately  given  by  the  equation 

in  which  is  the  product  of  the  current  and  number  of  spires,  A  the 
maximum  Uftof  the  magnet,  and  B  the  ^  which  would  excite  it  to  half  A. 

The  rate  of  change  ~  is  therefore  mversely  as  (B+^)*.  The  results 

nhtaincd  ;vith  two  nf  the  maencts  which  I  used  will  illiL-trate  this.  Their 
A's  are  7>^I  and  278.  The  first  1000  of  ^  make  llu  ir  lifts  5/6  and 
235  ;  the  second  1000  adds  to  tlio^e  S?  and  19  ;  the  third  35  nnd  8 ;  and 
the  fourth  only  19  and  3.  With  a  primary  of  180  spires,  4'=4000  im- 
phes  a  cTirrent  which  can  evolve  in  a  voltaim  kr  3 1*7  cubic  inches  of  gnses 
per  minute,  and  of  course  has  gr*  at  (k  fiutriatuig  power.  There  is  there- 
fore not  much  to  be  gained  iu  this  directiou. 
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Seeoncllf,  iecondary  helix  mty  be  made  of  longer  or  fhidker  wife* 
It  iriU  be  ahown  Smmediatelj  that  the  length  does  not  increase  the  <|nan- 
titj  of  the  cnnent  at  all*  and  that  the  eflect  of  the  thiclcneas  ia  limited. 

Thirdly,  the  analogy  of  the  toltaic  batteij  suggeata  the  plan  of  oombt- 
lung  aemal  helicea  collaterally,  aa  ia  done  when  cells  aie  arranged  for 
qnantltj ;  and  this  I  think  may  avail  to  a  veiy  great  ettont* 

In  Bpeetral  work,  aa  in  most  other  applieations  of  the  indnctoiinm  (aa 
the  Germana  have  named  it),  the  breakug  onrrent  alone  la  of  importance : 
the  other,  though  equal  in  quantity,  is  so  much  inferior  in  tenaioii  that  it 
ia  stopped  by  a  thin  film  of  highly  rarefied  air*«  This  cnirent  proceeds 
from  two  causes.  When  the  circuit  is  broken,  the  current  in  the  primary 
ceases ;  not  instantaneously  f,  but  in  a  time  which  is  very  small ;  acoordmg 
to  Edlund  less  than  of  a  second.  Daring  its  dedine  it  induces  a  cur- 
rent ia  the  secondary.  But  while  it  was  passmg  it  had  magnetised  the 
iron  core  of  the  apparatus ;  this  magnetism  now  passes  away,  and  in  doing 
so  it  also  induces  a  current  in  the  secondary,  which  lasta  kmger  and  ia  more 
powerfal  than  the  other.  I  compared  the  two  by  meaauring  those  giyen 
when  the  core  was  remored  from  a  primary,  and  when  it  was  in  its  place : 
they  were  aa  1 :  8*62  when  the  rheotome  made  17  discharges  in  a  second ; 
so  that  in  round  numbers  the  electric  induction  waa  only  a  tenth  of  the 
whole  eSlBet.  I  shall  therefi>re  in  what  follows  confine  myself  to  the  mag« 
netio  indudaon* 

If  y  be  the  magneUsm  at  anytime  M  its  maximum,  P  the  potential  of 
the  magnet  on  the  seoondaiy  helix,  II  the  potential  of  that  helk  on  itself, 
r  the  reaistanoe  of  the  seoondaiy  dnmit,  f  the  secondaiy  cnnent  at  the 
time  tt  we  have,  aa  ia  well  known, 

the  last  term  bemg  the  counter  current  produced  by  the  reaction  of  ^  on 
the  heliz.  If  the  induetive  coefficient  of  dectiie  action  be  different  from 
that  of  magnetic,  II  ahonld  be  multiplied  by  a  factor  e,  which  in  (6)  will 
multiply  fft  in  the  exponent  and  denominator*  I  see  no  reason  why  they 
should  d^er  unless  some  work  be  lost  by  molecular  changes  in  the  core 
when  excited.  The  great  difference  between  the  two  cuirenta  which  I 
hare  juat  mentioned  ariaea  moat  probably  iirom  the  diffitfent  Taluea  of  <  in 
the  ezponentiala. 

To  integrate  (a)  we  must  assume  some  relation  between     and  di.  The 

*  Thi§  !■  not  quite  oomet  Mr.  Gassiot  showed  from  tlio  torerscd  cuiraturo  of  the 
tliata  in  aa  etbanated  tube  that  some  of  tiie  oiniing  euirent  does  pees  when  Hm  uokion 
ia  powerluL  The  same  oonolusion  follows  frann  a  fact  which  I  obflerred  ]«at  yiar  with 

Mr.  Atkinson's  nmgniilcont  Ruhiiikorif.  In  general  when  a  disdiarge  i«  made  betwoon 
platinum  poinf.<^  \h(*  ncgatiro  on<^  only  \s  ignited;  in  thia  case  the  poaitiTe  one  WM  ao 
al»o,  Uiongh  to  a  far  Icsh  degree  and  for  half  the  length. 

t  As  the  tenaion  at  the  opening  of  the  rheotoino  decreases,  so  must  aL^o  the  Telocity 
of  diadui||9  tfaete;  and  time  ia  required  for  the  pa.s8age  of  the  eleotrieity  froai  tlie 
centre  of  the  cinuit  to  its  estremitiaa. 
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moft  probable  is  that  the  loss  of  magnetism  is  as  the  magnetism,  whieh 
gives       -^fidi,  whence  y^Meri^* 

y 

Pattmg  ^=g>  &nd  supposing  f  to  vaiiish  with  i, 

}  (») 

The  total  eoirait  hi  the  time  ^s:4sj*^^sJ*--l4fy^Lj*^^,  and  hence 

puttiug  F  for  — ?  (M^jf)  and  «  for  ^,  we  ohtam 
I*  Ai 

♦=  F  {i+jL-m  

1— c  [      /»--6    /I— *  J 
The  expression  for  the  current  due  to  the  electric  inductian  will  be 
similar  to  this,  so  far  as  having  the  factor  F  and  the  exponential.   If,  as 
is  not  unlikely,  the  relation  of  c^E  to  dt  he  the  same  as  for  the  magnetism^ 

they  would  only  differ  in  the  values  of  /i  and  c. 

The  quantity  F  is  the  current  which  would  be  produced  were  it  not  for 
the  inductive  reaction  of  the  'current  on  itself.  It  is  as  P  directly  and  r 
inversely.  The  first  of  these,  P,  is  as  n  the  number  of  spires  in  the  helix* 
multiplied  by  a  rather  complex  function  of  its  length  and  diameter,  which 
is  constant  when  they  are  given.  The  second,  r,  may  be  assnmed  propor- 
tional to  the  length  artfl  '^rrtirni  of  the  wire  of  the  helix,  for  in  general  the 
other  rr«:istnTiro'?  of  thr  circuit  arc  comparatively  cmnll.  Ilrncc  it  follows  that 

If  two  ffjuip*  itcutial  helices  eqnnllv  excited  be  jilarcd  in  series,  the  ten- 
sion will  be  doubled ;  but  the  current  will  be  intermediate  between  that  of 
op 

cwsh,  for  Fs>(^f^  and  if  r-i' it  wiU  not  be  dianged.  If  they  be  used 

collaterally  (their  homonvmons  terminals  connected),  P  remains  iinchanp^ed, 
and  therefore  the  currents  of  tlio  lielices  are  simply  added.  If  there  be  an 
external  resistance,  allowance  must  be  made  for  it.  This  maybe  extended 
to  any  number  of  hehccs ;  for  calling  the  external  resistance  p,  we  hod 

¥  V  p. 

The  constant  c  must  be  a  small  fraction,  for  in  any  ordinary  work  of  the 
inductorium  the  residnal  magnetism  of  the  core  is  very  feeble.  As 
if=:e-t^,  fit  must  he  large  ;  and  as  i  for  wire  cores  does  not  exceed  a  few 
Immlredths  of  a  second f,  /i  must  be  very  large. 

*  Not  nn  tlv  mrrp  lf>nf»th  of  wiro,  m  i^?  sfomot  imo-*  loosely  statod. 

t  I  have  been  informwi  tlmt  witli  the  inductorium  whidx  Mr.  Whit^ouse  constructed 
for  the  first  Atlantic  telegraph,  the  cores  of  which  were  niBHiTe  Iron  ejlindnni,  the 
dbafaai^  larted  aoaw  neondfl.  If  it  b»  lilll  in  mUntt,  it  wodd  ba  fntmstiag  to 
enmino  the  apeotm  wbidi  it  woold  givvk 
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Tlip  potential  n  is  as  w"  multiplied  by  another  function  of  the  length  and 
diameters  of  the  helix  (see  Maxwell's  valuable  paper  On  the  Electromag- 
netic Fit  ld,*'  Pliil.  Trans.  IHGj)  ;  and  the  term  h  is  always  1p5;s  than  nnity, 
Wbea  helices  are  cousecutive  their  n's  are  added,  not  when  collateral. 

From  this  it  follows  that        may  be  stt^eeted;  that       is  nearly 

fx  —  6  ft  —  0 

unity  ;  nv.d  tliat  the  difference  between  l-  and  *  increases  as  b  diminishes. 

When  ecjaal  helices  are  consecutive,  6  as  well  as  F  arc  unchanged ;  there- 
fore so  is  <I>. 

When  they  are  collateral,  each  separate  b  remains  unchanged  (unless 
they  be  so  close  that  they  react  on  each  other)  j  aud  therefore,  as  with  F, 
the  resultant  *  is  the  sum  of  its  components. 

If  the  resistance  of  the  wire  he  diminished  by  incrcnsinp;  its  section  with- 
out making  much  change  lu  the  dimensions  of  the  helix,  b  is  dimiui-hed, 
and  therefore  the  coefficient  of  F.  It  is  evident  from  the  form  of  equation 
(c)  that  lias  a  maxiinum  for  r,  aud  that  beyond  this  there  is  actual  loss 
of  power  in  increasing  the  thickness  of  the  wire. 

It  remained  to  test  these  Tiewa  by  experunent,  but  the  task  has  some 
difficulties.  A  single  discbarge  of  mductiice  electricity  is  usually  deter- 
mined by  the  swing  which  it  causes  in  a  galranometer  needle ;  but  it  is 
scarcely  possible  to  get  two  discharges  exsetly  equal.  The  slightest  varia' 
tion  in  the  manner  of  breaking  the  dreutt,  the  least  oxidation  or  roughen- 
ing of  the  Buftces  where  the  break  is  made,  change  the  result ;  and  there- 
fore H  seemed  best  (o  take  the  actual  working  of  the  indnctorinm.  In  hopes 
that  the  average  of  some  thousand  discharges  must  be  near  the  real  Talne 
of  the  current. 

The  rheometer  which  I  used  is  Weber's  (for  the  ose  of  which  I  am  in- 
debted to  the  kindness  of  Mr.  Gassiot),  and  it  showed  an  amount  of  fluc- 
tuation even  greater  than  I  expected.  With  every  precaution  as  to  the 
action  of  the  rheotome,  the  mirror  of  the  Weber  never  becomes  stationary, 
and  the  osciUations  are  inegular ;  twelve  of  them  were  taken  for  each  let, 
of  course  read  at  each  end  and  reduced  by  the  usual  formula ;  yet  the  sets 
differ  so  much,  that  I  only  offer  thdr  restdts  as  tolerable  approximations. 
Two  liiets  illnstratmg  this  uncertainty  may  be  mentioned.  With  a  me- 
chanical rheotome  driven  at  a  uniform  speed,  and  its  acting  surfaces  plati- 
num, the  ratioe  of  the  current  were-* 
When  set  so  that  the  point  rises  but  little  firom  the  anvil  . .  1*0000 

Rise  greater   1*7894 

Bise  still  greater,  tension  of  spring  greater   1*9685 

Bise  still  greater,  tension  further  increased   1*8371 

Here  a  slight  change  of  the  adjustment  neariy  doubles  the  action  of  the 
inductorinm. 

Another  cause  of  uncertainty  is  the  variable  speed  of  the  rheotome.  In 
general  it  is  worked  by  the  priniaiy  current,  and  therefore  is  affected  by 
fluctuation  of  the  battery  and  the  extra  curtent  of  the  primary.  The  me- 
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chtnicil  ilMotonw  wMeli  I  have  mcntioiied  if  driven  by  dockworkt  and  iti 
■peed  can  be  eiacUy  regulated.   With  it  I  obtained 


K 

Time  of  rheotome's  itroke 

=  0-2865. 

Current 

=  1-0000 

2, 

M 

0-2020. 

<» 

0-9298 

3. 

M 

M 

0-18G2. 

n 

0-8741 

4. 

M 

f» 

013S1. 

$» 

0-7235 

5. 

» 

*» 

0-1219. 

>» 

0-5771 

6. 

>« 

•1 

0-1201. 

M 

0-5588 

7. 

W 

M 

0-0983. 

0-3788 

8. 

• 

»» 

0-0883. 

>» 

0-2823 

9. 

99 

M 

0-067U 

f« 

0-2478 

10. 

f» 

M 

0-0476. 

0-2007 

11. 

M 

M 

00278. 

» 

0-1946 

12. 

»» 

0-0196. 

0-1273 

13. 

M 

0-0098. 

)f 

0-0470 

No.  10 

wai  tiken  with 

n  mercurial  rheotome ;  and  the  remaning  three 

witb  a  spring  one,  such  as  Mr.  Ladd  applies  to  his  inductoria*. 

This  decrease  of  power  is  due  to  the  core  requiring  time  to  be  mag- 
netized. Suppose  the  current  =A-f  B/,  A  being  that  caused  by  the  elec- 
trie  indnetion,  B  bj  the  magnetic^  I  get  from  the  abofe  by  minimnm 


eqnares  As0*0802;  Bs4'1713 ;  ^s508;  which  ralues  repretent  the 

obsenrations  pretty  fairly,  the  probable  error  being  ±  0  0491.   Three  celb 

were  nied  here:  on  another  trial  with  liTe  I  had  ^=129,  oonfimung  a 

prerioufl  remark  that  the  electric  induction  increaaes  fkster  than  the  mag- 
netic. Hence  mneh  power  ia  loet  bj  working  at  too  high  a  speed. 

The  inductoriom  whidi  I  nee  conrieta  of  a  atrong  oak  tables  on  which 
are  fixed  Tcrtically  four  primary  helices,  their  axes  being  12  and  18  inehea 
apart ;  at  which  distance  the  mutual  action  of  the  secondary  helices  is 
scarcely  sensible  in  the  Weber.  I  denote  these  primaries  by  F,  F',  ftc. 
Their  wire  is  No.  12 ;  F  and  F'  are  12*5  inches  long ;  they  haye,  in  four 
layers,  the  first  Z8Z  spires,  the  second  843t.  Their  cores  of  iron  wire. 
No.  18,  are  1*12  diameter.  F'^  and  are  13*5  inches  long;  they  have 
each  181  spires  in  two  layers,  and  their  cores  are  1*60  diameter.  They  are 
an  insulated  by  strong  glass  jars,  and  their  connectors  are  so  arranged  that 
the  current  can  be  sent  through  any  one  separately,  or  through  all  at  once. 
The  normal  arrangement  is  that  the  battery-current  passes  through  F", 
then  through  F  and  F'  collateral,  and  lastly  through  F*.  Thus  the  ^  or 
exciting  power  of  eadi  primaiy  is  nearly  the  same.  On  a  shelf  below 
stands  a  Fiaean's  condenser,  each  of  whose  coatbgs  is  120  feet  divided  into 

*  For  ttie  ftnft  niM  of  theie  tho  time  m  given  by  the  dodnvoric  of  the  rheotome; 
for  Che  feet  by  dropping  epuks  on  a  alip  of  pnpared  paper*  which  was  made  to  travel 

at  the  rate  of  12  inches  per  second, 
t  The  diflfegonoe  arose  £mn  Uw  ootUm  lapping  being  tbioker  in  P". 
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five  aeetunuk  This,  though  to  potent  in  respect  of  eptrki.  does  not  efieet 
the  quantity,  which  with  it  I  found  u  1*0000,  withoat  it  0*9948,  a  difier- 
ence  not  worth  noting.  The  case,  however,  wotdd  be  different  if  there 
were  a  gaseous  interval  in  the  circuit  *.  Beude  this  shelf  is  a  bracket  which 
supports  rheotomes  of  yarions  kinds. 

Over  the  jars  can  be  pnt  any  of  the  secondary  helices,  the  constants  of 
which  are  g^ven  in  the  following  Table : — 

The  potential?  and  resistance  of  the  first  one,  which  I  take  as  a  standard, 
aieas8amed=l. 

Table  I. 


Foet  of 
vrire. 

Diameter 
of  wiro. 

Spim. 

Kutire 
diunelor. 

Height 

Potential. 
P. 

BwiHtanoe. 
r. 

in. 

in. 

in. 

G 

17,070 

00092. 

73 

»3.655 

6-84 

40 

I'OOOOO 

I'OOOOO 

H 

17,070 

0'0092 

73 

6-84 

4-0 

1*00000 

■©•Sjayo 

I  

8,110 

o'oi  5  3 

55 

6,570 

67a 

4*o 

0*48 1 14 

0*10079 

^^•4* ••*••• 

8,1 10 

o'oi53 

55 

6,570 

67a 

40 

0*48114 

0*10079 

IC 

8,130 

0'OI92 

29 

6,524 

6-21 

6*o 

0*47520 

0-08073 

N 

8,130 

00 1 9s 

6-56 

5'9 

0*47520 

OnotlSt 

A  

7,000 

o'oio7 

6,189 

5"93 

1  ^'^ 

0-44673 

Jo*5iSoe 

B  

9,100 

0*0107 

••• 

8.»35 

593 

0*60172 

The  first  six  were  made  by  Mr.  Ladd,  who  also  determined  for  me  the 
Icugth  and  number  of  layers.  The  thickness  of  the  wires  was  measured 
by  me  with  a  flihlhebel  which  read  to  0*0001 :  each  is  a  mean  of  ten  mea- 
sures at  different  places,  for  no  wire  that  I  have  ever  tried  is  quite  nniform. 
The  two  last  are  experimental^  their  wire  not  bebg  lapped,  but  merely  in- 
sulated by  a  varnish  of  wax  and  rosio,  as  proposed  by  the  late  Br.  GaUan : 
this  plan  does  well  for  q[uanti^,  but  cannot  be  trusted  fi>r  any  hl^h  tension. 

The  potentials  were  computed,  supposing  the  hdioea  at  the  middle  of 
tke  primaiy  P'"  (where  they  are  a  maximum).  For  6  I  computed  them 
in  four  other  position^,  and  had  the  curiosity  also  to  measure  the  currents. 
Distance  of  6  from  centre  =0,  potential  1*0000,  current  1*0000 
„  ,1  1,      „     0*9842,     „  0-9856 

M  2,     „     0*9790,     „  0*9740 

0*9488,     „  0*9488 
»»  >*  4^      ,1     0*8798,     ,,  0*9181 

AH  but  the  hst  agree  tolerably.  For  positknis  of  M  and  N,  which  were 
not  central,  they  were  speciaUy  computed. 
The  resistances  were  obtained  by  induding  iu  the  drcuit  of  a  small  Grovels 

*  Three  of  the  oombiimtioDS  described  in  Ttible  li.  hare  iemiom  umrly  1,  2,  and 
Sb  Hieir  qwnititiei^  with  a  cumiit  entirelj  metallic,  and  with  om  in  vfaidk  thira  wm 
an  intemdof  iincfaof  air  atOOlin.  preamre^  are  as 

G   entire  KXXN),  interval  1 0000 

G-|-H..„M....iM..    »    1-0848,     „  16580 

V+V   „    0-0094.      „      1  8844 

The  fxTAl  set  ar^  ucorl^  e«^ual ,  the  »econd  increAi>e,  though  at  tt  deereaaing  rate,  with 
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odl  and  •  taageni  rlieometar  of  950  wpm,  tint  tbe  heliz  G,  than  that  to 
be  dflteniiiMd»aiid  laitlj  the  gum  of  it  aiidG.  Amwining  Ob  we  have 
three  eqoatioiui  to  dotemune— the  i*  of  the  helix  in  qiiMtion«  the  lemainiDg 
r  of  theoiieoiti  and  thedeetioniotiveibioe  of  theceU.  In  deducing  the 
eomnta,  the  tenn  inTolving  fein^  was  mad  with  a  coeffident  obtained  by 
integratiiig  thiongh  the  length  and  breadth  of  the  rheometer'a  ooil ;  and 
as  its  maan  diaineter  is  6*4  times  the  length  of  its  needle,  and  $  never 
passed  54^  I  think  the  numbers  ^  the  Table  aie  tme  to  the  hst  deciinal. 

For  brevitj  I  sTubdlise  the  combinations^  when  in  seriss»  as  a  snmi 
6+H ;  when  coQateral,  as  a  product  G.H;  and  for  a  teasoa  which  will 
soon  appear,  when  two  aie  on  the  ssme  primary  I  denote  them  by  a  new 
letter,  as  YssG+I.  At  first  I  used  I  and  G  on  ;  K  and  H  on  F^.  To 
prevent  disruptive  discharge^  th^  were  kept  1*5  inch  asunder  by  disks  of 
baked  wood«  The  results  are  given  in 


Table  II. 


Num. 

*. 

F.» 

Spark. 

Seta. 

4> 

Sum  of 
compooanti. 

b. 

I'OOOO 

... 

i'o348 
1-9988 

»'5343 
27654 

3-0552 

0-9996 
»9434 

i-ooco 
1*1000 

1-  0096+ 
2*0223 
4'3635 
4'535« 
6*5756 

1*5776 

2-  7319 

!n. 

3'95 
337 

•  *  • 

•  >  » 

123 
1*49 

o*8o 

9*35 

4'39 

•  »  « 

•  •  • 

3 
4 
I 

3 

4 

3 
I 

lOCOOO 
••« 

1*02497 
098837 
0*59167 
0*60969 

o*4646a 

0-72562 
0*71138 

X -00000 
t*ooooo 

a-cocco 

I'OOOOO 

0*23149 
0*46298 

2*46298 

1-00779 

0-985385 

0  9S306 

0*46542 
0*44872 

0*83075 

H  

a-0855 
•«•••• 

4'6aio 

G+H  

I  

•••••• 

G.H  1 

v+v  .... 
v.v  

F  is  computed  with  a  oorrectton  for  the  place  of  the  helix  on  the  pri- 
mary, and  with  a  reristanoe  which  indudca  that  of  the  Weber  =0*00779. 
The  Weber  must  have  a  considerable  D  of  its  own ;  but  aa  I  did  not  know 
its  constants,  and  as  tins  n  must  vary  with  the  deflection,  I  did  not  com- 
pute it.  Posnbly  acme  of  the  discrepancies  may  be  owing  to  this.  The 
sparks  show  the  difoence  of  tension  j  they  were  taken  with  platmum 
pobts,  and  when  the  machine  was  exdted  by  four  Groves.  The  oolumii, 
ium  of  components,  gives  for  the  eoUateral  combinations  the  values  whicb 
arise  from  adding  the  ^  of  each  helis^  taking  into  account  the  Weber's  re- 
sistance. 

1.  It  will  be  observed  that  G+H  with  twioe  as  many  spires,  and  V + V 
with  thrice  as  many  as  G,  give  the  same  current;  so  also  that  of  I-f  K  la 
near  that  of  I. 

2.  On  the  overhand,  G.H  is  twice  G,  and  V.V  twice  T+y. 

3.  It  is  also  manifest  that  the  effisct  of  I  is  not  proportionsl  to  its  di- 
minished resistance :  its  F  is  4*4  times  greater  than  that  of  G,  but  its  actual 

•  'luc^  values  of  F  tthould  be  multiplied  by  a  iacior  repreHOutiiig  iko  F  ol  ii,  wliich 
matt  be  greater  tlum  iia  *»  here  aiisuined  as  unity.  Am,  bowerer,  it  beLooge  to  all,  iti 
cauarion  does  not  aAet  the  ocimpariMm. 
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current  is  only  2*5.  This  is  at  once  explained  by  its  ^  being  flo  much  less. 
So  also  the  ratio  of  the  theoretic  to  the  effective  current  ia  neerly  unity 
ill  G  +  H,  while  it  is  only  0*73  in  V-f-V,  and  for  the  same  reason.  In 
G  .  II .  (I+K)  the  ratio  is  still  smaller ;  but  I  shall  recur  to  this. 

I  now  used  the  four  primaries  I  +  K=L  on  P%  single  hdices  on  the 
others.  I  had  some  doubt  whether  the  difference  of  the  cores  might  not 
influence  the  results,  and  tried  this  with  P',  P'",  and  one  P*,  whose  core 
BB  1*90  inch  in  diameter  and  15*5  inches  long.  It  has  349  spires  of  No.  1 5 
in  two  layers.  G  was  put  on  each  of  themj  and  currenta  tranamitted^ 
which  made  their      nearly  eqnal. 

Table  III. 


i 

Name. 

Sect,  of 
oaeetu 

Sets. 

Spark. 

F'   

I'OO 

yoo 

I  •04,14* 

1*0000 

1*0054 

3*5 
%• 

2*662 

1 169 
1168 
1 156 

F«   

P»  

excitation  produced  by  four  cells :  the  size  does  seem  to  increase  the  spark, 
though  this  increase  may  be  owing  to  better  insulation  of  the  coie-wirea  in 
and  P'f. 

The  following  results  were  obtained  with  the  mechanical  rheotome  worked 
at  a  uniform  speed  of  13  discharges  per  second. 

Tabl£  IY. 


a  

L-I+K  ... 

G+L  

G.L   

H   

C«A+B  ... 

V  

I  

K. . .« • 

O.K  

&  tTj.  H ...... 

G.L.C   

O.T..C.H... 

M-f-N  

S»M+N  ... 

L.O   

MKIK  ... 


4f. 

F.  jseto. 

« 

Sum  of 

oomponents. 

n. 

b. 

l*ooco 

I'OOOO 

•  •  • 

I'OOOOO 

I'OOOOO 

1*00779 

I 'Ms* 

4*5106 

0*41752 

0*64- 

0*34624— 

1-3149 

1*6143 

2 

0*8145 1 

2*8324 

1*6+ 

o*75ooa*> 

3*0402 

5*3109 

II 

0*57159 

o-853«5 

1*4196 

«'3578 

2 

1*04551 

I'OOOOO 

1-9882 

a*oii2 

2 

0*99855 

0*562864- 

0*92704 

**5S35 

5*4100 

1 

0*47202 

0*31646 

0*27756 

2*5580 

43635 

2 

0*58623 

0*23 149 

0*46542 

2*6465 

4"3635 

5 

0-6.-'f:i  5  I 

0*^3149 

o*46$4a 

3*5558 

5*2464 

J 

0*67776 

3-8594 

4*3 » 79 

6*5756 

3 

0*65666 

4*1799 

5*1460 

6-9400 

3 

0*74153 

4*6932 

6*0758 

8*2081 

i 

o--'403o 

6*0488 

2*5207 

5*4586 

2. 

0  40179 

0*63292 

0*26862 

1*7616 

5*4586 

4 

0*32271 

0*73130 

0*23248 

1*6687 

4*9644 

I 

0*33614 

o'65Sio 

0*28543 

34596 

9*5774 

I 

0*36124 

34996 

8*1939 

15*7398 

1 

0*52058 

8*2736 

*  2  5  H^tii  taken  on  the  first  day  wtfo  Toiy  unsteady.  Xbe  one  taken  on  the  leooQd 
wurt  close,  and  gave  1  U2C7. 

t  At  tho  same  timo  I  tried  two  helices  similar  to  A  and  B,  except  tlmt  Lboir  wire  i.-* 
▼■niithed  Hwh  which  were  given  to  mo  by  Dr.  OUlaa.  Tbear  « is  0-6887*  and  their 
spark  only  0*584  in.  The  «  of  A+B  is  21^138  tunM  at  gmt,  a  difliwenee  eeused 
solely  1^  the  greater  iMistenoe  ef  the  iron. 
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!•  As  belbra^  two  hiKeM  m  wmm  fpn  no  ineictN  of  qimtity ;  M+N 
is  the  ttmo  ss  N,  O'l-L  nsnlj  the  mesa  of  O  snd  L. 

2.  Theqointkjef  eoUiienllielieasissec^  (siinTtUell.) 
to  be  the  eutn  of  the  eepsrate  ectioiii  of  cidi.  The  diierepsiMiee  ore  not 
gmter  than  what  can  be  eiplained  by  the  rnieerteinties  inheioiit  kk  ikttp 
mmanwikt  whiofa  I  hare  sbeodj  deaeiibed.  Ooe  sppereot  cieeplkNi 
stnnigconfifaistioft  of  tfatt  rtile-*the  eaaeof  Iti  ebeareoji 
#93*0558,  while  the  aom  s4*6220.  6  and  I  being  <tt  the  seme  piimaiy 
are  czeited  together  j  but  in  meaenring  cither,  as  there  is  no  cnrrent  m  thr 
after  (hot  merely  a  state  of  tension),  theb  n  is  not  ehanged.  When, 
lioweTtr,  thej  are  oonnefted  ooUatenaliy,  the  ennenta  leaot  on  eeeh  other, 
their  II*s  are  toereaaed :  the  ^*s  are  thus  dtmiaiahed,  and  therefore  their 
reacdtant  is  the  sum  of  (quantities  less  than  those  used  in  the  oompntation* 

Hie  a*s  in  this  oae  beoonie-*ior  O  0*94289,  for  H  079889,  and  for  1+ K 
0'34688,  which  are  quite  sufficient  to  account  for  the  difference. 

3.  As  with  J  in  Table  11.,  so  here  it  will  be  observed  that  has  less 
relatire  powtf  than  either  I  or  K  ;  its  aetnal  power  is  even  less,  though  its 
theoretical  foroe  emcds  theirs  in  the  proportion  of  5 : 4,  This  is  explained 
by  its  6  being  so  much  smaller ;  but  it  gives  this  important  information, 
that,  at  least  in  helices  of  these  dimensions,  nothing  is  gained  by  oaing  wile 
thicker  than  that  of  I,  or  ^  of  an  inch*. 

4.  The  effieot  of  L  ia  Isr  less  than  that  of  1+ Id  the  first  the  helioea 
are  on  the  same  primary,  in  the  other  on  separate  ones.  In  the  former 
oaae  the  II  is  larger,  for  it  is  the  sum  of  the  El  of  each  on  itself,  and  those 
of  eaeh  on  the  other ;  b  therefore  is  less.  Besides,  the  potential  of  the 
core  on  the  helices  is  less  than  when  each  of  them  is  central  on  it. 

The  difference  is  even  more  remarkable  in  O  as  compared  to  its  elements 
M-f  N,  its  effect  being  only  0*7  of  the  other,  and  0  3  of  the  theoretic 
power.  The  same  disparity  of  course  prevails  in  their  combinations  ;  O  .  L 
giving  only  3  4 6,  while  the  same  four  lielices  arranged  on  separate  prima- 
ric5«  jiive  S- 1  9.  The  romhinnfinns  G  .  M  (I  +  K)  and  (t  .  L  .  H  hnvethesame 
helices  ;  but  in  the  tirst  two  were  on  the  same  pniiuiriLs.  As,  however, 
thev  were  I'o  inch  instead  of  0*5  apart,  the  tl  was  not  so  m\ich  increased 
as  in  tlic  other  esses,  and  therelbre  there  is  not  ijuite  so  great  a  decrease 
of  power. 

The  fullowiiiL:  f)rn<-tical  maxims  may  be  deduced  from  the  expenioeail^ 
and  reasoning  whicii  I  have  related. 

The  attention  of  instrument-makers  has  been  chiefly  directed  towarda 
increasing  the  length  of  spark  given  by  these  machines,  and  in  this  they 
have  succeeded  to  a  surprising  degree ;  but  in  doing  so  they  have  not 
added  to  the  quantity  of  electricity  which  is  produced  by  tliem.  This, 
however,  ia  by  tar  the  most  important  object  j  for  iu  lucisL  appUcalious  of 


»  Thieie  betwssn  87  sad  28  of  the  Biwning^sm  wire-gsogs.  I  bsUaWBiihakecflr 
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the  bdnetoriam  all  teitrion  above  what  is  necessary  to  force  the  necesaaiy 
quantity  of  current  throngli  the  circuit  is  useless,  nay  sometimes  injurious*. 
I  am  indined  to  think  that  a  tanaioa  which  gives  sparks  of  4  inches  will 
he  found  qnite  tnflfident  in  ordinary  cases,  and  this  will  be  given  by  abont 
30,000  splits ;  all  beyond  only  adding  to  the  weight  of  the  instrument, 
its  cost,  and  the  difficulty  of  insuring  its  insulation.  It  must  be  kept  in 
mind  that  the  mere  quantity  is  independent  of  the  length  of  wire :  I 
flotnally  found  it  the  same  for  a  flat  spiral  of  2i  spires  and  ibr  a  helix  of 
13,65S« 

It  is  not,  I  believe^  ascertained  what  ia  the  best  proportion  of  height 
and  diameter  for  a  seoondary  helix  of  a  given  number  of  spires.  It  is 
generally  made  as  long  aa  its  primary,  though  pprliaps  not  on  any  definite 
principle*  The  magnetic  potential  P  is  in  this  form  a  little  greater  than 
in  that  whieh  I  used,  but  so  also  is  n :  the  length  of  wire  is  leas,  which 
ineieasea  F,  bnt  also  decreases  b ;  and  h  priori  it  is  not  easy  to  decide 
whieh  way  the  balance  inclines.  The  H  ia  something  less  if  the  spires  be 
in  separate  sections  than  if  they  be  in  one  continuous  coil. 

The  dimensions  of  the  core  do  not  seem  to  be  of  importance  as  to  quan- 
tity within  the  limits  which  I  tried ;  their  length  seems  to  increase  the 


The  quantity  is  greatly  diminished  when  the  rheotome  works  rapidly ; 
■nd  in  spectral  work  the  probable  limit  of  ita  slownesa  ia  that  the  im- 
pitssion  on  the  eye  shall  be  continuous. 

The  quantity  increases  with  the  diameter  of  the  wire  up  to  a  maximum, 
which  is  attained  when  this  is  about  the  sixty-fifth  of  an  inch. 

Helices  may  be  oombincd  either  for  tension  or  quantity  without  much 
kis  of  these  rctpeetlie  powersf. 

If  for  the  first,  they  are  combined  in  series ;  the  general  tension  is  the 
mm  of  the  individuid  ones,  and  in  this  way  we  can  obtain  sparks  of  a 
length  limited  only  by  the  strength  of  the  insulator  which  is  interposed 
between  the  primary  and  secondary  helices.  If  the  latter  be  all  of  the 
same  wire,  the  quantity  remsina  unehaoged;  if  they  differ  in  thia  respect* 
it  will  be  intermediate  between  the  weakest  and  strongest. 

If  they  aie  combined  for  quantity,  they  must  be  set  collaterally^  i.  e. 
all  their  positive  terminab  connected,  and  all  their  negative.  The  result- 
ing curtent  will  be  the  sum  of  all  the  separate  ones»  but  the  tension  ia 
not  increased;  the  sparks  seem  even  a  few  hundredths  of  an  inch  shorter, 
but  are  much  denser,  and  in  the  higher  combinations  approach  to  the 
character  of  a  jar  discharge.  Hence  there  is  no  risk  to  the  apparatus  by 
extending  thi^mode  of  combination  to  any  extent. 

It  deserves  notice  that  the  helices  need  not  be  equal  in  tension  or  re- 
sistanee ;  thus  the  arrangement  G .  K  gives  little  less  than  the  sum  of  ita 
«  It  hat  ofteo  beoi  remarked  that  intense  diaohargw  will  not  show  Ma  well  in  aa 
adumeted  tabe. 

t  The  oonnaefeori  add  lOiM  feriatuKM  and  eona  oounter-induottoo. 
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eompcHMnti,  thoagk  K  hat  only  half  u  numy  spirw  ai  G  and  Inil  a  teatii 
of  ita  miitaiice. 

In  oombtDin^  tlieae  ioitfiiiiMnta,  the  primaiiM  afaonld  not  be  oonaeeittlfe 
if  of  large  numbers,  for  so  the  action  of  their  extra-cnrrent  would  be  vetj 
dtatrnelive  to  the  rbeotome ;  with  P'+P"  containing  726  spires  In  aeriea 
the  apark  in  the  mercurial  one  is  almost  explosire,  but  when  they  ate 
eollateral  it  works  quietly.  Ware,  howerer,  ten  or  twdre  to  be  so  eom- 
bbcd,  it  would  require  a  battery  of  very  large  cells  to  maintain  the  cur- 
rent, and  it  is  better  to  have  a  separate  battery  for  each  pair  of  primaries. 
In  this  I  find  no  difficulty;  the  negative*  poles  of  all  the  batteries  are 
connected  with  the  meieniy  of  tiie  rbeotome ;  from  its  platinum  point, 
separate  wirss  go  to  the  entering  bind-screw  of  each  primary,  other  wirat 
go  from  their  exit  bind-screws  to  the  positive  poles  of  their  respective  bat- 
teries,  and  thus  their  action  is  perfectly  aimnltaneous.  Of  course^  if  many 
batteries  were  used,  the  eumnt  in  the  rbeotome  might  be  too  powerful* 
but  then  there  would  be  no  difficulty  in  having  separate  rheotomes  worked 
by  one  electromagnet,  and  (at  least  with  the  mercurial  form)  adjusting 
them  by  a  revolving  mirror  to  perfect  synchronism. 

In  this  way  I  feel  sure  that  we  can  attain  an  amount  of  electric  power 
which  Ims  not  yet  been  approached  by  the  inductorium,  and  which  may 
be  expected  to  be  a  most  powerful  means  of  research  in  those  inqniriet  to 
which  I  referred  at  the  commencement  of  this  paper.  At  the  head  of 
these  stands  the  palmary  discovery  of  Mr.  Huggins,  that  there  are  nebulas 
and  comets  whose  matter  possesses  spectral  attributes  not  corresponding 
to  that  of  the  sun,  the  stars,  or  our  own  earthly  elements.  Is  that  differ* 
enee  an  indication  of  aome  body  sui  generU,  or  a  mere  result  of  peculiar 
temjierature  or  other  mokeukr  conditions  f  Is,  for  instanee,  the  bright 
Une,  corresponding  to  one  of  nitrogen,  which  occurs,  we  may  say,  normally, 
produced  by  nitrogen  as  sucht  If  so,  what  has  blotted  out  the  other 
bright  lines  of  that  magnificent  spectrum?  Is  it  due  to  an  ehmemi  of 
nitrogen,  dissociated  by  some  enormous  temperature  from  other  elementi^ 
perhaps  from  hydrogen,  one  line  of  which  is  also  present  T  And  the  third 
Ime,  elsewhere  unknown — ^is  it  the  herald  of  a  new  body,  or  merely  a  deri- 
vative from  another  spectrum  T  We  cannot  even  hope  for  an  answer  to 
these  questions  till  the  spectra  of  at  least  those  elements  which  seem  cos- 
mical  have  been  examined  through  a  range  of  temperature  extending  firom 
the  lowest  that  developes  In  them  luminous  fines,  to  the  highest  that  is 
excited  by  the  most  potent  electric  discharges  which  we  can  produce  and 
control.  Now,  to  obtain  such  a  graduated  range,  the  plan  of  combination 
which  I  have  been  describing  seems  well  fitted.  It,  of  course,  cannot  be 
expected  to  equal,  under  any  extension,  the  wonderfiil  voltaic  battery  of 
Mr.  Gaaaiot  (at  least  ita  arc-discharge)  s  but  how  few  can  avail  themselvsa 

•  If  the  iii«voaiy  be  made  poiitiv«^  «adi  diseharge  makes  a  sharp  rsport  and  blows 
aiNmt  Iha  metal  sad  aloohol  in  most  uDplsasant  prolnsioii. 
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of  such  an  instrument  as  that !  Bat  if,  as  seems  probable,  we  ean  witbool 
much  difficulty  increase  the  heating-power  of  the  indaction-disdMii^e  an 
hiiiidredfold»  wc  shall  have  made  a  vary  great  atep,  and  bf  umw  which 
«re  cTCfywhefc  aacawibia.  Indnctoria  are  comnon ;  there  are  few  sitna- 
tiana  whan  a  physioMi  aaniiot  ohtain  aceeit  to  aateral,  lad^onhnia  thmi 
«a  Datpicti  did  the  vakaie  baHariit  of  Buii  to  aaika  the  experioMDla 
which  hetfa  thimm  sneh  aplendow  on  hie  nmo. 

IV.  On  the  Stability  of  Dmnea.''  By  E.  WYwimAM  Tarn,  M.A. 
Communicated  by  George  Godwin^  Esq.  Received  May  5^ 
1866. 

The  few  writers  who  have  attempted  to  treat  the  subject  of  the  Equili- 
brium of  Domes  mathematically,  have  entirely  failed  to  obtain  irsults  that 
are  of  any  practicnl  use  to  the  architect.  Their  failure  has  arisen  from 
takini^  a  too  tlicon  tical  view  of  the  subject,  and  endeavourinf!^  bv  mathe- 
matical reasoning  to  find  ih^  form  which  a  dome  ought  to  liavc  in  order 
that  it  might  •'tnnd  safely.  iSuch  a  q'lrstion  is  nf  no  practical  ulilitv,  as 
domes  of  various  sizes  and  forms  havf  hccn  erected  for  ct  uUiries  past,  and 
the  qucMion  for  the  architect  is,^ — ■jivcn  a  dome  of  certain  form  nnd  size, 
what  arc  the  conditions  which  must  obtain  l»t  twei  ii  it  and  tlif  wall  of  the 
building  It  IS  intended  to  cover,  in  order  that  the  whole  structure  may  be 
in  a  condition  of  staliility  ? 

The  object,  therefore,  of  this  paper  is  to  had  a  solution  to  the  following 
problem  : — 

Givfn  a  sphfrietd  dome^  built  of  stone  or  brick,  -  /  mi)/  radius  and  (hid  - 
itsss,  and  standing  mi  a  *'  drum  "  or  walls  of  any  htijht ;  to  find  the  thrust 
of  the  dome  on  the  **  druMf"  otid  the  thickntts  thai  must  be  gittcn  to  thewaUs 
in  order  to  imure  the  stability  of  the  structure. 

I  take  the  case  of  the  dome  having  a  spherical  section,  as  benig  the 
form  most  commonly  u>^ed  ;  but  the  same  method  of  investigation  will 
apply  to  doines  of  auy  iui m. 

In  this  investigation  1  shall  consider  tlie  dome  as  made  up  of  a  large 
number  of  arched  ribs,  of  which  the  bases  restinjr  on  the  top  of  the 
•'dram"  aobtend  a  small  angle  (<p)  at  the  centre,  and  the  vertices  have  no 
thickness;  each  rib  having  the  form  of  a  wedpce  cut  out  of  the  spherical 
shell  by  two  phines  intersecting  in  a  vertical  Ime  tlu oultIi  the  centre,  and 
makuig  the  small  auglc  ^  with  each  other.  I  shall  tlicu  consider  that  the 
two  wedges  thus  formed  on  opposite  sides  of  the  dome,  thrust  against  each 
Other  at  the  Tertex»  as  in  the  case  of  an  ordinary  Sfjiiucircular  arch,  and 
by  this  mea  OS  keep  each  other  in  equihbrium.  Of  course  no  arch  of 
this  form  if  hnilt  alone  conld  stand  for  a  moment,  as  it  would  give  way 
laterally ;  but  in  the  dome  this  is  prevented  by  tiie  parts  on  each  side 
of  the  rib  wider  considaiitioo* 
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This  method  is  adopted  hj  Ventaroli  in  treating  on  the  equilibrium  of 
domes. 

Fig.  1  represents  a  rib  of  the  form  aboTe  described  cut  out  of  the  dome, 
and  the  corresponding  part  of  the  drum  "  which  sustains  it.  The  arch 
will  have  a  tendency  to  fall  in  at  the  crown  C  D,  and  open  outwards  at  the 
haunches  £  F,  causing  the  joint  C  D  to  open  at  D,  and  that  at  £  F  to  open 
at  F. 


We  may  therefore  suppose  that  Nj  the  thrust  of  the  corresponding  rib 
on  the  opposite  side,  acts  at  C. 

We  shall  now  find  the  effect  of  the  force  N  upon  a  given  joint  £F.  Let 
P  be  the  weight  of  the  portion  of  rib  above  £F ;  jr. the  perpendicular  dis- 
tance from  £  of  a  vertical  from  the  centre  of  gravity  of  P ;  y  the  vertical 
distance  of  CN  from  £.  Then  the  moments  of  these  forces  about  E  are 
Px  and  Ny ;  and  in  order  that  there  may  be  equilibrium,  we  must  have  N 

equal  to  the  greatest  value  of  P .  -  .    We  have  therefore  to  express  P  -  in 

y  V 
terms  of  Q,  the  angle  which  F£  makes  with  the  vertical,  and  find  what  value 

of  B  makes  P  -  a  maximum. 

y 

Let  r  be  the  internal  and  R  the  external  radius  of  the  sphere,  I  the 
weight  of  a  cubic  foot  of  the  material  of  which  it  is  composed.  Then  the 
volume  of  any  portion  of  the  rib  {pqraCVi)  is 

VrrfftV'sine.rfe.rfr.f/A;  (A) 

so  that  P=3  .  V=^ .  ^  ( I  -  cos  0)     .     ,  taking  limits  from  6=0. 

VOL.  XV.  II 
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If  g  is  the  centre  of  gravity  of  the  portion  of  the  rib  whose  weight  is  P, 
and  G  its  projection  on  OA ;  then  if  0G=^,  we  find  the  value  ot  z  irom 

afgg il^ . sin' a ,eM^.ir,dQ,d^ 
^r^. Bine.  dr. d$.df 

And  BiofX  ^  IB  small,  we  may  cimrfder  -"^es  i ,  nearly  ;  iu  which  ca«e 

3  R«-r«e-i8in2e 

Nov#istliepei|ieiidieoUrdirtaaeoor^Oftmn  tbarafer* 

Therefore P»=i.f  (l-c<»e)15!rlx  {rMne-|g^»=l^|. 
or 

pjP«i^:_t  1 8r  (B«-r»)  liu 0 (I -cos fl)~3  (R*-r*J  (fi-^  |  • 

And  8iucey=B— rcos6,  and  N=P' 

.  ^8r  (R'-r")  sin  6(1  -cos  6)^3  (R^-rQ  (a-jdniW) 
24  R-r€Ot0 

I  wiU  take  ^  as  the  circuhir  measure  of  an  angle  of     or fv^w '0349060, 

in  wbush  case  we  hava 

N=  001454  a  8r(R'-r«)  sin  0  (I  -cos  0)^3  (R'-r*)  (O-j  sin  20) 

R— rcoaO 

»'001454axN',8aj. 

We  have  now  to  find  what  valne  of  $  will  make  N'  a  maxtrnmn,  and  as 
ihe  ordinary  rales  for  nkaxima  will  not  apply  to  this  expresBion>  we  mast 
find  it  by  calculating  N'  for  difi'erent  valaes  of  6,  I  have  done  this  fiir 
the  caae  when  rs)0,  Bssll,  and  find  that  N  Is  greatest  when  0s 70^. 
tihus 

0=C9°   N'=f)0fi  034 

0=70°  N'=506-241 

0=7P   N'=506  018. 

We  have  now  to  snbstiiute  in  N  the  values  of  0,  sin  Q,  &c.  when  the  angle 

is  70**,  or  when  0s35  ^^=1*22173,  sin  0s-939a9»  cos  0=s'34202»  8m2a 

=64279. 

Thisj^uces  the  expression  for  N  to 

Ttf— > -007 192 r  ( R"-r^)-  0035273 (R^-rQ  ... 

We  can  now  transpose  N  and  P  to  the  point  P  j  and  in  order  to  find  the 
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thickness  of  the  pier,  we  proceed  to  take  tlu  ir  moments,  to£:;rther  "with 
those  of  tlic  part  of  the  rib  below  EF,  aud  the  pier  itself,  about  the  outer 
bottom  edge  S  of  the  jncr. 

If  we  call  yS=6,the  perpendicular  distance  from  S  of  the  direction  of  N, 
then 

&  =  IlH-r  .cosd,  J.   ^    .  (2) 

where  II  is  the  In  ii^lit  RS  of  the  pier  or  **  drum.'* 

Let  S<'=a,  the  ilistance  from  S  of  a  vertical  dropped  from  E;  F=tlic 
weight  of  the  portion  of  the  rib  below  EF ;  c=the  perpendicular  distance 
from  S  of  n  vertical  from  the  centre  of  gravity  of  the  lower  portion  of  tiie 
rib  wliosc  weight  is  F;  Q  =  lhe  weight  ot  the  portion  of  the  "drum"  on 
vliit  li  the  rib  stands,  and  q  =  t\\^  distance  from  S  of  a  vertical  from  its 
centre  of  gravity ;  we  have  then  (in  equilibrium)  the  equation 

N  .<^=P.a  +  Q.?-f-F.c,  (3) 

which  I  will  call  the  Equation  for  Equilibrium.  From  this  equation  we 
can  find  the  thickness  {t)  of  the  pier  necessary  fo  produce  equiUbrium. 

In  order,  however,  that  \vc  may  have  stability  in  the  sfnicture,  we  must 
miiltipiv  by  the  coefficient  of  sfability,  which  we  may  take  as  2.  The 
equation  from  which  to  find  the  value  of then  becomea 

2N.A=P.a-|-Q.5r-hF.c,  (4) 

which  I  will  call  the  Equation  of  Stability, 

I  now  proceed  to  find  the  values  of  P .  a,  Q.^,  and  F«e. 

The  value  of  F  was  previonslj  found  to  be 

P=2.^  l-cos0)£l--lj 

and  if  we  substitute  for  ^  and  0  their  values, 

P= -007656  a  (R»-f*). 
Also  as:Se=£/+r  (l^sin  e)=^+'06031  r ;  so  that  we  find  for  the  value 

of  P.fl, 

Pfl  =  -00/T)r,G  a  (R'-r^)  /+  -OOO^Gl  8  2  .  (R'-r')  (5) 

The  value  of  F  is  found  by  means  of  the  integral  (A),  taking  the  limits 

froin  6s0  to  B^sZ ;  which  gives  us 

F-a.^.eoseii— ^ 

a 

■■•00398  a  (R'-r*). 

Let  be  the  distance  from  O  on  OA  of  the  perpendicular  drnj  j^rd  from 
the  centre  of  gravity  of  the  portion  of  the  rib  whose  weight  is  F,  Then 
the  integral  (fi)  gives  us,  bj  taking  the  same  limita  of  0  as  for  F, 

'—O+lsin  2d 


ttK'-r*  COS0 

R  2 
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And  i£  we  substitute  for  Q  its  value^ 

And  c  =  OB.—ei^i+r—s^, 
Hence  we  find 

f  .c=O0398a(R'-r»)f+003985{'"(R'-'^)-'''3al  (Il*-r^)}   •  («) 
We  have  now  to  find  the  moment  about  S  of  the  weight  of  the  pier. 
Let  Q  be  the  weight  of  the  pier,  h^  the  weight  of  a  cubic  loot  of  its  ma- 
terial; then 

Let  figure  2  represent  the  plan  of  the  pier,  its  centre  of  grafity» 
ST^t  iU  thickness.   Then  by  the  iotegral  calculus  we  find 

J2  (r-H       r',  2      + 3ri+  ^) . 
3(rTW^       3(2r+0  * 

We  tfaeiefore  obtain  for  ihe  Talue  of  Of, 

=•00581 77  3».<*(3r  +  O.TI  (7) 

We  can  now,  by  adding  together  the  several  quantities  (5),  (6),  (7), 
and  equating  to  the  Talue  of  N6  as  found  tVorn  (I)  and  (2),  form  the 
equation  for  equilibnum  (.)  ),  which  will  be  a  cubic  equation  in  respect  of 
t.  We  shall  thence  find  the  vahie  of  t  necessary  to  produce  equilibrium 
ill  the  structure,  and,  by  equating  the  same  qiui  uities  to  2N6,  form  the 
equation  for  .^tnbiUty  (4),  from  which  we  get  the  value  of  t  necessary  to 
produce  stability  in  the  structure. 

The  following  exninples  will  serve  to  sliow  how  readily  these  formulsecan 
be  applied,  and  the  use  which  the  practical  architect  may  make  oi  thcui. 

Eatample  1  : — 

Let  ralO  ft.,  RsU  ft.>  asl25  lbs.,    =  150  lbs.,  H=dO  ft. 
From  (1)  .    .    .     N   rs  92-00'J2; 
„   (2)  .   .   .      ft  =x  63-42021 

therfifore 

N6  =4915, 

and 

2N6  =9830. 
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From  (5)  .   •    .    P. «=  316767  * +191  06975; 
„    (6).    .    .    F.c=  164-6725/-  50  54; 
„    (7)  .    .    .    Q.y=  1308-98  43'63275^. 
Hence  the  equation  for  equilibrium  (3)  is 

191 5=43-63275      1308-98  <'+481  -4395  140-52976, 
which  reduces  to 

-(-  30/'+  11  03  f  - 1 09-42=0. 
We  can  &olve  tiiia  bj  means  of  iloruer's  process*  aud  hud      1*7  ft.  for 

equilibrium. 

The  equation  for  stability  (4)  becomes 

9830=43  03275/^+ 1308-98^= -|-481'4395<+ 140-52975, 
which  reduces  to 

from  wludi  we  obtwn,  by  Homer's  process, 

iB2*45  ft.  for  ttokm^. 

Lol  re30  ft.,  R«*33  ft.,  Ha80  ft.,  a  and  3^  as  before. 
FrDiii(l).   .   .   N  2483-84; 
(2)  .   .   .     5  »      90-2606 ; 


therefore 

« 

and 


N6  »224192-8, 


2N6  =448385-6. 
Rom  (5).   .   ♦    P.rt=    8552-71    /+ 15476-65; 
„    (6).    .    .    F.<!»    4446  16    f+  4094  17; 
„    (7)  .    .    .    Q.9=        69-8124  ^^-f  6283  n6/*. 
Adding  and  reducing,  the  equation  for  equilibrium  becomes  * 

+  90/*  + 1 86-2/— 3048-3 1  -0, 
whence  's4'83  ft.  for  equilibrium. 
And  unh.  filiation  Ibr  tiabilily  is 

<*+90^+ 186*2^-61 69-7-0, 
whence  f—7*07  h  for  $iahaUy, 

i  will  apply  the  formuLT'  to  the  case  of  the  dome  of  Sultan  Mohammed's 
toml)  at  Ik'tjupore,  described  in  Mr.  Fergasson's  'Handbook  of  Archi- 
tect uro.'  One  peculiarity  of  this  structure  is  that  the  inner  face  of  the 
dome  is  set  5  it.  (i  in.  within  the  inner  face  of  the  ^vall  on  which  it  rests, 
aa  shown  in  tig.  3. ;  so  that  in  calculating  the  Talues  of  a,  &c.,  we  must 
add  5 '5  ft.  to  the  thickness  /  ;  hence  we  shall  get  a  proportionately  less 
▼alue  for  /  from  the  resulting  equations. 

In  this  dome,  r— 62  ft.,  R=72  ft.,  U=  116ft.;  and  we  will  suppose,  as 
before,  that  c—\2^  lbs.,  l^—  laU  lbs. 

Froin(l)  N   =  31132; 

(2)    ....    .      6   —       137-20524  ; 
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thetefore 

N6  =4271473-522, 

and 

2N6  =8.')429  47-044. 
From  (5>  «   *   .    P. d=-957  (134920;  (/  + 5-5) +  3-56745  (134920) 

asl291l8-44#-}-n9l5ll-78; 
„  (6)  .    •    .     P. e-**4975  (134920)  (/+5-5)--4975 (527854-4) 

=67122-7^+ 106567-28  ; 
„   (7)  •   .   .  Q.9=xl01-22798/*+l86xl01-22798<«. 

Addbg  and  reduduc^  the  equation  for  equilibrium  (3)  beoomes 

l*+ 186^+1938*6#- 29373*2480, 

whence  t=S-2  ft.  for  equilibrium. 

And  the  ct^uation  for  stability  (4)  becomes 

<='-M86^-+ 1938-6/— 71570«0, 
whence  t— 14-66  ft.  for  stability. 

In  the  construction  of  this  particular  dome,  the  values  obtained  above 

fbr  t  will  only  npply  to  four  points  on  the  walls  which  carry  the  dome;  for 
instead  of  being  built  on  a  circular  "  drum/*  this  drum  is  made  to  eover  n 
square  chamber  hj  means  of  "  pendentive?,'*  which  are  so  arranged  as  to 
throw  the  thrust  principallj  on  the  angles  of  the  building,  where  the  values 
of  a  and  e  will  become  very  great,  and  it  is  only  at  the  centre  of  each  of 
the  four  sides  that  the  above  equations  can  be  employed  to  compare  the 
thrust  of  the  dome  with  the  strength  of  the  walls.  At  these  four  points 
the  walls  are  about  11  ft. 'thick,  so  as  to  be  considerably  more  than  suf- 
ficfcnt  to  produce  eqirih'l/ritnn  ;  niid  the  coej/lcicnt  of  atabilittf  at  these 
points  is  1374  instead  of  2.  Had  the  dome  therefore  been  built  on  a 
circular  di  um  of  1 1  feet  thickness,  in  all  probability  the  edifice  would  not 
have  stood  tor  any  len!j;th  of  time. 

Much  ot  thr  iliiubt  of  a  dome  may  be  counteraeted  by  means  of  nn  iron 
belt  plnoed  round  it  Ht  the  \n)\\\t  where  the  thrust  i.^  ^^n  itest.  'i  lu«  point 
I  have  shown  to  be  at  70"^  tioai  the  crowu^  or  20°  from  the  springing. 


June  7,  1866. 

■ 

The  Annual  Meeting  for  the  election  of  Fellows  was  held  this  day. 
Lieut.-General  SABINE,  President,  in  the  Chair, 

The  Statutes  relating  to  the  Election  of  Fellows  having  been  read.  Fro- 
fessor  Brayley  and  Mr.  Toynbee  were,  with  the  consent  of  the  Sodetj, 
nominated  Scrutators  to  assist  the  Seetetavies  in  eiamuiing  the  Lists. 
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The  iPOtet  of  the  Fellows  prtaent  having  been  collected,  the  following 
Candidates  were  declared  to  be  dnij  elected  into  the  Society  : — 


John  Charles  Biuknill,  M.D. 
Rev.  Frederick  ^Villialli  Farrar. 
William  Augustus  Guy,  M.B. 
James  IToctor,  M.D. 
Johti  William  Kaye,  Esq. 
Hugo  Miiller,  Ph.D. 
Charles  Murchison,  M.D. 
WUliam  Uenry  Perkin,  Esq. 


T\w  Yen.  John  Ilciiry  Pratt,  M.A, 
Capt.  Oforjre  TTenry  Uicharrb,  H.N, 
Thoiuas  Ilitliarclsoii,  Esq.,  IM.A. 
William  ileurj  Leighton  lluasell,^ 

E-q. 

Rev.  William  Selwyn,  D.D, 
Rev.  Richard  Townsend,  IV1.A« 
Uenry  Watts,  B.A» 


June  14,  1866. 
LienL-General  SABINE,  Piesident,  in  the  Chaif. 

The  Rev.  F.  W.  Farrar,  Dr.  Charles  Morchison,  Captain  Richards,  R.N., 
Mr.  W.  H.  L.  Riisseil,  and  Mr.  Henry  Watts,  were  adssitted  into  Cli».  - 

Society, 

Pursuant  to  notice  given  at  the  last  Ordinary  Meeting,  Franz  CorndUua  ' 
DondiT.s,  George  Friedrich  Bernhard  Rieniann,  and  GiisUiT  Rose,  were. 
balloted  for  and  elected  Foreign  Members  of  the  Society* 

The  foUowing  papers  were  read : — 

L   "  Ou  the   AnatoiMV  of  the   Fovea  centralis  of  tlic  Human 
Retina."    By  J.  W.  Hulke,  P.R.C.S.,  Assistant  Surgeon  to  thc; 
Middlesex  and  Royal  London  Ophthalmic  Hospitals.  Commu* 
nicated  by  Wm.  Bowman^  Esq.    Received  May  26,  1866. 

(Abstract). 

!•  The  Fovea  centralis  is  a  minute  circuUir  pit  in  the  hiner  snrface  of 
the  retina,  made  by  the  radial  divergence  of  the  oone-ftbres  fhim  a  central' 
point,  by  the  thinning  and  the  outward  curving  of  the  inner  retinal  layers  . 
towards  this  point,  and  by  the  peripheral  location  of  the  outer  granules* 
bdougiug  to  the  central  cones. 

2.  The  inner  surface  of  the  retina  declines  in  a  rapid  unilbrm  curve  firom' 
the  edge  to  the  centre  of  the  fovea,  and  very  gradually  from  the  edge  to- 
wards the  ora  retinn ;  so  that  the  edge  of  the  fovea  is  the  most  nused  part 
in  the  macula  lutea,  where  the  retina  is  thickest,  and  the  centre  of  the  _ 
fovea  the  most  depressed  part  in  the  macula,  where  the  retina  is  thinnest, 

3.  At  the  centre  of  the  fovea,  proceeding  from  the  outer  to  the  inner 
surface  of  the  retina,  we  meet  with  the  following  structures  in  succession : — 
the  bacillary  layer  and  the  enter  limiting  membrane,  a  small  quantity  of 
finely  areolated  connective  tissue^  the  mner  granule-htyer  and  the  ganglionic 
layer  very  attenuated,  a  thin  granular  band  oontauing  optic  nerve-fibreSi 
and  the  membrana  limitans  interna. 
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4.  The  bacilkry  layer  contains  only  conn  in  the  fovea,  but  rodi  m  ad* 
didon  towards  the  periphery  of  the  macula  lutea. 

5.  The  cones  and  rods  in  the  macula  are  longer  and  more  slender  than 
at  a  dtatanoe  from  it.  Although  the  greater  slendemess  is  more  apparent 
in  tlie  cones,  yet  the  most  dander  eoaea  are  ttonler  than  the  roda. 

6.  In  both  oones  and  rods  an  inner  and  an  outer  segment  are  disoemthle, 
and  both  B^imenta  eonnst  of  a  aheatbing  membrane  and  contents.  In  the 
outer  segment  the  eontenta  do  not  exhibit  any  indication  of  structure. 
The  inner  eegment,  where  its  dimensions  permit,  contains  an  "outer 
granule,"  and  is  always  produced  in  the  form  of  a  fibre,  which  connects 
the  cones  and  rods  with  the  inner  layers.  These  I  have  called  the 
primiihe  cone'  and  rod-fibree,  collccCiTely  primtwe  baeillary  fihrf, 

(KdlUker,  in  the  lun  edition  of  his  'Handbuch  der  Gewebelehie^'  re- 
stricts to  these  the  term  *'  MMller^t  JSiru,"  which  was  originally  exdu- 
siTely,  and  is  still  very  generally  given  to  the  yertically  ladial  connecti?e- 
tissue  fibres  first  described  by  H.  Muller.) 

7*  An  outer  grannie  is  intercalated  in  each  primitite  badllaiy  fibre,  let, 
where  the  inner  bacillary  s^ment  is  too  slender  to  include  the  granule^ 
and,  2nd,  where  the  segment  is  associated  with  a  distant  granule.  This 
kind  of  connexion  always  obtains  with  the  rods,  and  with  the  cones  at  the 
centre  of  the  fo?ea. 

The  outer  granules  which  bdong  to  the  roda  are  not  distinguished  fipom 
those  which  belong  to  the  cones  by  any  constant  characters. 

8.  The  primitive  bacillary  fibres  run  obliquely  from  the  outer  towards 
the  inner  surface  of  the  retina,  and  radially  from  the  centre  of  the  fovea 
towards  the  periphery  of  the  macula  lutea. 

9.  They  form  a  very  conspicuous  obliquely  fibfillated  band,  lying  be- 
twara  the  outer  and  the  inner  granokslayerSt  in  which  the  primitive  fibres 
combine  in  bundles  which  have  a  plexiform  arrangement.  This  band  cor- 
responds  to  that  band  which  in  the  chameleon's  retina  I  called  the  cone- 
fibre  plexus.  Muller  and  Kolliker  call  it  the  intergranule*layer. 

10.  Between  the  inner  surface  of  this  layer  and  the  inner  granule-layer, 
tfiere  is  a  thin  granular  band  of  finely  areolated  connective  tissue,  through 
which  the  bacillary  fibres  pass  into  the  inner  granule-layer.  It  is  in  part 
derived  from  the  terminal  divisions  of  the  vertically  radial  connective-tissoe 
fibres  and  it  answcts  to  the  band  which  in  the  diameleon  I  termed  the 
intergranule-layer. 

1 1.  In  the  inner  granule-layer  two  kinds  of  granules  are  distinguishable, 
nuclei  and  nucleated  cells.  Both  are  in  connexion  with  the  oblique  bacil« 
Inry  fibres,  which  in  this  situation  are  exceedingly  delicate,  and  require  a 
high  magnifying  power  and  a  good  section  for  their  demonstration. 

12.  The  connective-tissue  fibres  (generally  known  as  Miiller's  radial 
fibres),  which  traverse  the  retina  in  a  vertically  radial  direction  from  the 
membrana  limitans  interna  towards  the  outer  surface,  are  very  conspicuous 
in  the  inner  layers^  where  in  sections  transverse  to  the  direction  of  the 
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optic  nerve-fibres  they  are  arranged  in  arciidps,  which  coutHiii  the  last- 
naiiiULl  fibres  and  the  gangUon-cella  imljedded  in  a  granular  matrix  of 
finely  wovea  connective  tissue.  They  are  less  visible  in  the  outer  layers, 
apparently  because  many  of  their  terminal  divisions  lose  them^Llves  in  the 
(connective  tissue)  intergranule-layer ;  rikI  hence  the  decussation  ol  the  ob- 
lique bacillary  atid  the  vertically  radial  connective-tissue  fibres  within  the 
cone-fibre  plexus,  so  coudpicuou^  iu  the  chaiueieuuy  is  scarcely  noticeable  in 
the  humau  retiua. 

1.  Since  the  total  of  the  effects  of  lii^ht  upon  living  tissue  will  be  greater 
as  the  extent  of  tissue  traversed  by  it  is  greater,  and  siiuc  the  relative 
common  sensitiveness  of  a  surface  \'aries  with  the  number  of  dutinct  sen- 
tient elements  it  contains,  it  follows  that  the  greater  length  of  the  cones 
and  rods,  and  their  greater  slendemess,  which  allows  a  larger  number  of 
them  to  the  superficial  unit,  are  in  harmonj  with  the  greater  sensitiveness 
of  the  retina  at  the  macula  lutea.  Inasmuch,  howefer,  as  the  foreal  cooes 
an  stouter  than  the  rods,  a  superfidal  imk  wk  the  centre  of  the  fovea  con- 
tains fewer  sentient  {i.e.  percipient)  elements  than  the  same  unit  near  the 
periphery  of  the  macnla  loten  %  and  on  tins  gromid  the  aenatiTeness  of  thft 
letina  at  fhe  fovea  sboold  be  lest  than  that  of  the  retina  near  the  periphery 
of  the  macula.  On  the  other  hand,  the  extreme  thhineas  of  the  inner 
lajers  of  the  retina  at  the  eentre  of  the  fovea*  placfi  the  baeillarjr  kjer 
bete  most  fiivonraUy  for  receiving  incident  light. 

2.  Hie  division  of  the  rods  and  oooes  into  an  outer  and  an  inner  seg- 
ment is  natural.  The  foeta  in  support  of  this  are,  the  presence  of  the  di- 
vision in  perfoetlj  fresh  specimens ;  its  sharpness  and  constant  occurrence 
at  definite  pbuse ;  the  constantlj  rectilinear  figure  of  the  outer,  and  tbe 
eorvilinear  figure  of  the  inner  segment ;  the  diffbrent  refractive  powers  of 
the  aegmients ;  and  their  diilerent  behaviour  towards  stauung  and  chemical 
•Qlutiona. 

3.  From  these  stmctnral  diiferenees  it  is  a  fair  inference  that  the  ssg- 
menla  have  dtfierent  physiological  meanings. 

The  lugher  refractive  power,  straight  sidei,  and  slender  cylindrical  or 
prismatic  figure  of  the  outer  segment  may  be  adaptations  for  confining 
within  the  segment  light  incident  upon  its  ends,  and  for  preventing  the 
lateral  escape  of  light  through  the  sides  of  the  segment  into  neighbouring 
cones  and  rods.  These  considerations  indine  me  to  adopt  the  opinion 
that  this  segment  has  an  optical  function,  an  opinion  which  derives  farther 
rapport  from  the  fittt  thai  in  those  animals  in  which  the  segment  is  so 
wide  a  qrlinder  that  a  ray  might  be  incident  upon  the  inner  surface  of  its 
sides  at  a  small  enough  angle  not  to  be  reflected  but  to  pass  out,  the  seg- 
ment  is  insulated  by  a  sheath  of  black  pigment. 

The  inner  segments  of  the  cones  and  rods  are  the  specially  modified 
peripheral  terminations  of  the  optic  nerve-fibres  s  end  at  their  junction  with 
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the  outer  segment  the  conversion  of  light  into  nerve-force  nmy  take 
pSace. 

4.  The  outer  granules  btuig  the  nuclei  of  the  iimrr  coiir-  and  r(!(i  scji;- 
mentf,  probal)ly  maintain  the  integrity  of  these  as  Ijvmg  tissues,  aud  are 
not  directly  coiicerued  in  their  specirtc  luuctionsas  organs  of  perception. 

5.  The  primitive  bacillai  v  liijies  are  the  link  by  which  the  cones  atid 
rods  couiiiiutiicnic  througli  the  iuuer  granules  and  gaugliou-cellii  wilh  the 
optic  nerve-fibreg. 

6.  The  smaller  inner  granules  arc  nuclei  of  the  ohlique  bacilliiry  fibres 
hi  the  iaui  r  L^rannle-layer  ;  or  they  may  be  small  bipolar  ganglion-cells,  and 
act  specifically  on  the  forces  transmitted  through  the  oblique  fibres  from 
the  cones  and  rods.  The  kigcr  inner  granules  not  being  disting^uishable 
hy  any  definite  structural  characters  from  the  smaller  cells  of  the  ganglionic 
layer,  mav  agree  with  llieae  latter  ceils  in  function. 

7.  Since  the  gau^lion-cells  (of  the  ganglionic  layer)  are  fewer  than  th6 
inner  granules,  and  much  fewer  than  the  cones  and  rods,  and  since  it  if 
probable  that  these  latter  communicate  with  the  optic  nerve-fibres  only 
through  the  ganglion-cells,  it  follows  that  one  ganglion-cell  probably  is  in 
correspondence  with  more  thaa  one  inner  granule  and  with  sevcriil  cones 
and  rods.  From  this  it  is  not  an  improbable  conjecture  that  the  cones  and 
fods  are  disposed  in  groups,  each  of  which  is  represented  by  one  or  more 
ganglion-cells  thef  nnetion  of  ivfatch  is  to  connect  or  coordinate  the  indi- 
vidual  action  of  the  sepaiate  badUary  elements  in  tbeir  groups  in  a  manner 
aaalogoos  to  tliat  attrilmted  to  the  ganglion-cells  of  the  spinal  cord  by  Van 
der  Kolk*. 

8.  There  is  a  dose  general  resemblaiiee  between  the  bnman  forea  and 
that  of  the  diamekon  f . 

11.  Second  Memoir  ''On  Plane  Stigmatics/'    By  Alexander  J« 
£lu8,  F.aP.S.   Received  May  2a,  1866. 

(Abstract) 

Let  there  be  two  groups  of  points  upon  a  plane,  termed,  for  distinction, 
indices  and  slif/tnafa  respectively,  bearing  such  relations  to  each  other 
that  any  one  index  determines  the  position  of  m  stigmata,  aud  any  one 
stigma  determines  the  position  of  m  indices.  The  theory  of  these  rela- 
tions between  indices  and  stigmata  constitutes  p/ane  sfiq/jiaficg.  Each 
related  jnur  of  indcc  .\  and  stigma  Y  constitutes  a  s(t(/matic  point,  hence- 
forth written  "the  s.  point  (.ry).'*  The  straight  lines  joining  any  index 
with  each  of  its  corresponding  stigmata  are  termed  ordinaies,    if,  when 

*  I  tidvo  nn  tmprcHsinn  that  I  bavs  MMi  fchia  in  ft  Gcnasa  saUuir,  but  hsM  not  bMU 

able  to  find  tlif  pus.-i;ig»»  ii<;iiin. 

t  H.  Miiller,  •*  Uober  daa  Auge  des  Chamaleon,  '  Wunb.  oaturw.  Z^itxhr.  BcL  iii. 
S»  96* 
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tbe  index  moTM  upon  a  straight  line,  tbe  ordinate  mnaiM  ptndM  to  soma 
other  straight  line,  tho  relation  between  index  and  stigma  is  that  expressed 
by  the  relation  between  abscissa  and  ordinate  in  the  coordinate  geometrj  of 
Descartes.  When  only  one  index  corresponds  to  one  stigma  and  con* 
Tersely,  and  both  indices  and  stigmata  lie  always  on  one  and  the  ssme 
straight  line,  or  the  indices  upon  one  and  the  stigmato  upon  anotherx  the 
relations  between  indices  and  stigmata  are  those  between  homologons  points 
in  tbe  bomograpfaie  gemnetry  of  Chasles. 

The  general  expression  of  the  9t^matie  relatiom  is  obtained  by  a  gene- 
ralisation of  Chasles's  fundamental  lemma  in  his  theory  of  characteristics 
(Compte9  RenduMt  June  27.  1864,  vol.  Iviii.  p.  1175),  clinants  being  snb« 
stitnted  for  scalers*.  It  results  that  in  certain  forms  of  the  law&ftoordU 
nation,  which  "  coordinates  *'  the  stigmate  with  the  indices,  there  may  ba 
Mokiary  indices  which  hafo  no  corresponding  stigmata,  and  toHtary  stiffs 
mat  a  which  have  no  corresponding  indices,  and  also  double  pomU  in  which 
the  index  coincide  with  its  stigma  (76)t.  The  particular  case  in  which 
one  index  corresponds  to  one  stigma  and  conversely,  and  no  solitary  index 
or  stigma  occurs,  is  termed  a  9ti</matic  line  (henceforth  written  "  s.  line"), 
because  the  Cartesisn  case  is  that  of  a  Cartesian  straight  line  in  ordinary^ 
coordinate  geometrj,  but  in  the  general  s.  line  the  figures  described  by 
index  and  stigma  may  be  any  diieotly  similar  plane  figures  (77).  Tie 
investigation  of  this  particular  case  occapaes  almost  the  whole  of  the  In* 
tr9du€tory  Memoir.  When  one  index  corresponds  to  one  stigma  and 
conversely,  but  there  is  one  solitary  index  and  one  solitary  stigma,  we  ha^e 
s.  Aomoffraphy,  provided  the  solitary  index  is  distinct  from  the  solitary 
stigma  (79),  and  s.  involution  when  the  solitaiy  index  coincides  with  tl  e 
solitary  stigma  (78)>  so  called  because  they  gaoeraliie  the  rclatioas  treated 
of  nnder  these  names  by  Chasles. 

When  the  relations  between  index  and  stigma  are  expr«Hied  by  an  equa- 
tion of  the  second  order,  the  s.  curves  are  termed  s.  eonics,  because  they 
include  ("artesian  conies  as  a  particular  case  (HO).  Generally  two  stigmata 
correspond  to  each  index,  and  two  indices  to  each  stigma,  and  there  is  no 
solitary  index  or  stigma. 

Two  s.  curres  intenect  when  they  have  a  common  ordinate,  and  there* 

*  If  01  be  any  fixcil  axis  of  rciorfncc,  and  AH  any  line  npi»o  a  fixed  planp  passing 
through  01,  we  may  consider  that  a  hue  equal  in  maguitudc  and  directiuti  to  AU  caa 
be  formed  firom  01  by  the  operation  of  toniiag  01  thfough  the  ^  (01,  AB),  and  altering 
its  IcDgtb  itt  the  ratio  of  the  length  of  01  to  that  d  AB.  When  ill  tneh  lines  AB  lie 
upon  the  same  plane,  this  operation  is  termed  a  cUnant  and  represented  by  a^  tO  dlatin- 
giiish  it  from  tlie  linr-  AH.  Tf  the  lines  AB  lay  ku  different  |»Iaiie>,  the  operation  wonld 
he  in  trcneral  a  quaternion.  Hut  if  xVIJ  is  parallel  to  OX,  wbatt>ver  be  the  pliini^  <  n 
^hich  it  lies,  the  operation  ab  is  teraietl  a  ^alar.  CUuauts  and  sc&iars  obey  the  laws 
of  ordinary  conniutatbe  algebia.  Qoatsraions  do  aol. 

t  The  tgores  ia  psnatbeses  refer  to  the  artklet  of  ibis  **  Secoad  Ueooir,"  which  ite 
anabcred  consecutively  to  time  la  the  /efr«faclevy  JfesMlr  (Froeeedbi|i^  April  S» 
lB6ft,  foL  xiT.  p.  176). 
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fore  a  commoii  s.  point.  They  touch  wlien  a  alight  alteratioii  in  the  cod- 
itants  of  one  equation  will  make  one  of  their  common  i.  points  into  Mreral, 
having  theur  stigmata  veiy  near*  When  they  have  no  common  ordinate 
or  s.  point,  they  are  partUM  or  aiymptotie,  according  as  the  distances 
between  the  stigmata  corresponding  to  a  common  index  remain  nnchanged 
or,  under  certain  circumstances,  diminish  infinitely  (81 ). 

It  has  been  shown  in  the  Jniroduetary  Memoir  that  a  s.  line  can  be 
determined  by  two  stigmata  corresponding  to  known  indices,  or  by  two 
points  called  the  direction  point  and  original  etiffwim*.  Taking  either  the 
two  first-named  or  the  two  last-named  points  as  the  index  and  stigma  in 
a  stigmatic  relation,  we  are  able  to  make  its  expressioQ  denote  a  Umear  rekt- 
iioHt  which  leads  to  the  conception  of  euTeloped  s.  cnnres^  and  therefore  of 
cloitn  of  s.  curves  (82,  83). 

In  the  above  relations  two  ordinary  geometricsl  points  (**  g.  points  **)  in 
a  plane  form  the  index  and  stigma.  If  we  now  take  two  s.  points  (that  i% 
two  relations  of  mdex  to  stigma),  terming  one  priwiarp  and  the  other  mcoh- 
darf,  we  are  able,  by  means  of  two  equations*  to  express  a  relation  between 
these  s.  points^  so  that  one  primary  shall  correspond  to  n  secondaries,  and 
one  aecondary  to  si  primaries.  This  is  the  ^fnmetual  relaiicn  (84),  and 
includes  the  whole  subject  of  related  s.  curves,  of  which  related  Cartesian 
curves  form  a  particular  case.  The  most  important  and  elementary  cases 
are»  first,  those  in  which  the  related  s.  points  lie  respectively  on  known  s. 
lines»  8.  involutions,  s.  homographies,  or  s.  circles,  and  there  is  a  stignuitic 
relation  between  the  stigmata  considered  as  forming  two  groups,  one  of 
indices  and  one  of  stigmata ;  and  secondly,  those  in  which  one  primary  s. 
point  corresponds  to  one  secondary  and  conversely.  In  the  latter  case  the 
relations  between  one  index  and  stigma  may  be  inferred  ftom  known  rela- 
tions between  another  index  and  stigma,  or  from  the  same  index  and  a  new 
stigma,  or,  as  is  most  usual,  from  the  same  stigma  and  a  new  index.  Hence 
follows  the  general  theory  of  change  of  coordination  (85).  Homographie 
and  homdogic  s.  figures  (86)  are  another  example*  in  which  one  primary 
corresponds  to  one  secondaty  s.  pomt  and  conversely ;  bat  there  Is  gene- 
iiUy  one  miUtarff  9,  line  in  each  s.  figure  such  that  no  s.  point  taken  upon 
it  will  have  any  corresponding  s.  point  in  the  other  figure. 

Corresponding  to  the  bipnnctual  relation  there  Is  a&t'/mear  relation 
(87)  in  which  one  primary  s.  line  corresponds  to  several  secondary  s.  lines, 
and  one  secondary  to  sevmd  primaries,  by  means  of  the  dements  chosen 
to  represent  linear  relations.  To  this  belongs  the  hirodUU  relation  (87  b), 
where  two  pencils  of  s.  rays,  being  drawn  from  known  s.  points,  are  deter- 
mined generally  by  s.  points  having  a  bipunctual  relation,  and  exceptionally 

*  The  original  itigna  ii  the  itigma  of  which  the  erigio  it  the  Index.    If  throagh  the 

A.  point  (ii)  (that  is,  a  «.  point  of  which  both  index  an^!  «.ticrmn  nrf  tlic  prnnt  I  at  the 
ffirtber  extremity  of  the  a\i^  of  refrrrnce  01)  a  s.  line  be  drawn  s.  parallel  to  any 
giTcn  8.  line,  the  original  &tigma  oi  thu  parallel  s.  Hoe  if  the  directioa-point  of  the  given 
1.  line.  IMrectlon>poiiitosTC  of grestnss  la  eipislaiaf  ''imifinsiy"  Ums  sad  "  liiia|i. 
muf**  saglei. 
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by  their  direction-points  only,  so  that  the  relation  between  the  rays  can  be 
expressed  by  a  stigmatic  relation  between  the  direction-points  considered 
as  indices  and  stigmata.  When  this  s.  relation  between  the  direction- 
points  ii  n  f.  homography,  we  have  pencils  of  homographic  9.  rayt.  The 
fwtjwvMrl  rdaHemt  m  whieb  n  1.  p(»nl  oomipondi  to  amnl  i.  lines,  and 
n  t.  line  to  ae^enil  e.  pointe*  foUowa  immediately  (88). 

Finally,  die  mtUHiiiiei^  r^aiwn  (89)  ahowa  how  aerenl  indicei  may 
he  made  to  eormpond  as  one  group  to  a  aingle  st^pna  or  a  group  of  atig* 
mata,  and  thna  leada  to  the  geometrical  expression  of  the  algebraical  theo- 
nes  of  seferal  independent  variables.  The  means  by  which  a  theory  of 
jo/itf  siipmaHet,  where  the  indices  and  stigmata  are  taken  anywhere  in  space» 
may  be  expressed  by  qoatemion  eqnations  is  briefly  pointed  out  (89  e). 

The  systematic  explanation  and  precise  expression  for  all  these  relations^ 
together  with  some  conTcnient  notations  relating  especially  to  s.  angles  * 
(90),  and  to  anharmonic  ratios  (91),  occupy  the  first  part  of  the  present 
memoir.  The  remaining  two  divisions  are  devoted  to  a  somewhat  fuller 
consideration  of  s.  homography  (including  s.  involution)  and  s«  conies. 

It  results  (92)  from  the  conception  of  «.  itwoluHon,  already  given, 
that  if  S  be  the  eoinddent  soHtary  index  and  solitary  stigma,  and  X,  Y  a 
corresponding  pair  of  index  and  stigma,  that  is,  if  {xy)  is  a  s.  point  on  the 
S»  involution,  there  will  be  two  points,  E,  F  (called  double  stiffmata),'m  the 
same  straight  line  with  S,  in  which  index  and  stigma  coincide,  forming  the 
double  points  {ee\  iff)*  and  tlien  *e'=«/''=*ar .  *y,  which  implies  that 
Z  XSE  =  L  E8Y,  and  Z XSF-  Z  FSY,  and  also  that  each  of  the  lengths 
of  SE,  SF  is  a  mean  proportional  between  the  lengths  of  SX  and  SY.  It 
is  readily  shown  that  the  two  cases  of  involution  of  points  in  a  line,  usually 
acknowledged,  are  but  the  particular  cases  of  XY  lying  on  the  line  EF,  or 
on  a  line  through  8  perpendicular  to  £F.  In  the  former  case  the  doub'e 
points  lying  on  the  line  containing  XY  were  readily  found,  and  hence 
termed  '*real;**  in  the  latter,  as  the  method  of  investigation  did  not  suf- 
fice to  determine  the  douMe  points,  they  were  termed  "  iinng;inary."  If  A, 
B,  C,  D  be  any  f  ur  indices,  and  A',  B',  C,  D'  their  corresponding  stig- 
mala  in  a  s.  involution,  then 

ab .  cd  a'b' .  c'd!  ,  ah .  cc*  a'b' .  c'e  ^ 
liHa  ^  a'd.c'b"  ^^UTT^b  =  t^eTVi' ' 

that  is,  ike  ankaraumie  ratiof  o/itnyfntr  indiett  U  ike  same  at  that  of 

•  If  A,  IJ  be  tlie  dircctiou-poiut*  of  two  s.  lines,  and  0  the  origin,  then  ^  ^"^^  "^^^  i> 

defined  to  be  the  s.  tangpnt  of  the  s.  ancle  betw  een  these  s.  lines,  and  written  tan  a\b. 

t  The  equality  of  anharmonic  ratius  is  here  tal&eii  to  imply,  not  only  the  &auie  relation 
of  msgaitode  wUch  would  be  included  ia  the  term  if  the  four  poiata  A,  B,  C,  0  lay  upon 
one  ttniglit  Uu%  aud  their  cofresponding  points  A%  B',  C,  D'  upon  another  straight  line, 
but  alto  an  angular  relation  which  is  expressed  by  the  notatinn  of  clinants,  and  which  in 
the  first  of  these  equations  is  Z  BAD-f  ZdcD-Zu'A'D'+Zd'C'B'.  ft  U  rei^liU  *epn 
that  this  relation  reduces  to  the  usual  relation  of  direction  wbea  the  poiuu  he  on 
straight  lines. 
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ikeir  torretpoading  four  Hi^wutto,  and  ike  mhmrmonic  ratio  of  any  three 
imdices  and  stigma  is  the  same  as  thato/ihe  corresponding  three  stigmata 
and  index  in  as.  ittvolution.  If  the  index  move  on  the  eharaeterietie  circle 
"whose  centre  ia  S  and  radius  SE,  the  corresponding  stigma  moves  in  the 
opposite  segment  of  the  same  circle,  and  in  an  opposite  direction  of  rotation. 
Generally  if  the  index  move  on  any  circle  ymssing  thro'jp-h  E,  F,  the  stigma 
moTCS  on  the  segment  of  the  same  circle  l)iug  oa  tlie  othar  side  of  EF,  and 
in  tlie  opposite  direction  of  rotation .  If  the  ind moves  on  a  straight 
line  passmg  through  S,  tlie  stigma  moves  on  another  straight  line  also  pass- 
ing through  S.  If  the  iudev  move  on  a  straight  line  not  passing  through 
S,  the  stigma  moves  on  a  circle  jiassing  through  S  and  conversely.  If  the 
index  moves  on  a  circle  not  passing  through  S,  the  stigma  moves  on  another 
circle  also  not  passing  through  S,  aiul  in  aa  oj»posite  direction  of  roiation. 

If  the  whola  group  of  stigmata  he  removed  without  disturbing  their 
i)int>ial  relations,  and  so  that  the  solitary  index  S  no  louger  corresponds 
with  tlie  solitary  stigma  Z',  a  i.  homographg  results  (93),  in  which  the 
relations  of  index  and  stigma  may  be  deduced  from  those  in  a  9.  involution. 
These  relations  are  expressed  hy  the  equation  sx .  s^'ymsea  ,M'm',  where  (>y), 
(aa)  are  s.  points  in  the  B.  homography.  When  three s.  points  are  given, 
the  solitary  index  S,  and  solitary  stigma  Z'^  and  double  stigmata  £,  F  can 
be  determined  by  an  elementary  geometrical  oonstruotion  in  all  cases. 
These  double  stigmata  possess  important  ong^dar  properiiee  with  respect 
to  the  indices  and  stigmata  of  the  system  (94).  Let  {aa'),  (6i'),  (ce')  be 
any  three  s.  points  in  a  s.  homograpby.  Then  if  ABC*  A'B'C  are  stiaight 
lines  (in  which  case  the  former  contains  S,  and  the  latter  Z'}, 

tanAEA'BtauBEB'; 
that  is,  ^ lioo  tntereeeting  straight  Unee  EA,  EA'  revolve  nbemt  ikeir  point 
ofiniereeeikm  E,  and  eni  two  given  etraigkt  Onei  AB^  A'B',  determining 
nn  index  A  tipoa  one,  and  a  etigma  A'  upon  the  other,  eo  that  the  ordinate 
AA'  »t  eeen  under  an  angle  whote  tangent  it  eonetant*,  the  e.  pointe  wUi 
form  part  o/ae.  homogmpkg,  of  wMeh  the  given  point  E  is  one  double 
etigwta,  the  eolitarg  index  S  Iging  h/mii  the  index  line  AB,  and  the  eolitarg 
etigma  Z'  upon  the  etigma  line  A'B'.  I/O  be  the  middle  point  qfSZ'  and 
F  the  other  double  etigma,  FO=sOE.  If  the  two  lines  AB»  A'B'  ooalesGe, 
then  Me  tufopointe'E,  F»/rom  whieh  theordtnatee  AA',  BB',  CC  of  three 
or  more  s.  pointe,  of  which  both  indieet  and  etigmata  He  upon  one  etraight 
Une,  are  seen  under  an  angle  whose  tangent  is  constant,  are  the  double 
etigmata  of  the  e,  homography  determined  by  these  three  e,  points.  Tliis 
shows  the  nature  of  the  points  named  in  G.  S.  171 1,  and  completes  it,  so 
far  as  **real  rays"  are  concerned.  It  is  further  generalised  hereafter.  The 

*  It  is  cuitomtrfi  but  emmeonst  to  sagr  ia  sudi  oaiei  that  the  aii|^et  are  equal  sad  in 
the  same  direction.  It  is  evident  tliat  one  angle  msy  be  the  suppleineat  of  another  men* 

sured  in  the  opposite  rlircction. 

t  Chasle»'»  Geoinclrie  Sup/rieure  and  Seciiant  Com^me  are  referred  to  by  the  ieilert 
G.  S.  and  S.  C,  followed  by  the  nnmber  of  the  article. 


Digitized  by  Gopgle 


1866.] 


Mr.  A.  J.  EUis  on  Plane  Stigmatia, 


197 


two  Vum  AB,  A'B*  may  be  bo  plued  tliai  die  s.  lioiiiograph  j  has  only  one 
double  stigtna  O  ooinciding  with  the  middle  point  of  SZ',  uid  O  will  then 
be  the  centre  of  a  eirde  of  which  AB,  A'B'  are  tangents  ;  the  oidiiiatca  of 
the  8.  points  in  the  a.  homogr&phy  (eaeh  of  whieh  oootains  an  index  and 
a  itignia)  will  then  he  tangents  to  the  circle  of  which  the  centre  (being  a' 
double  stigma)  will  also  contain  an  index  and  stigma.  Hence  is  imme- 
diatdj  obtained  the  reUtitin  in  G.  8. 6(i4,  and  an  explanation  of  the  remark 
there  made»  that  "le  centre  du  cercle  tient  lieu  en  quelque  sorte  d*mie 
taagente.*'  > 

'  The  tangent  of  the  angle  sabtended  by  an  ordinate  at  the  double  stigma 
may  be  constantly  aero^  that  is,  the  ordinates  may  oonverge  to  the  double 
stigma.  Then,  thraugh  amy  pomi  £  two  wtrmgkt  Hum  he  drmem,  and 
through  miy  other  point  F  raye  be  draum  miereeetiny  the  fret  Une  in  a 
eeriee  ofindieee  A,  fi^  C,  and  the  eeeond  in  a  eeriee  ofetiyatata  A',  B',  C 
reapeetieefyt  the  resulting  a.  point*  (aa'),  (bV),  (oc')  will  form  part  of  a 
#.  komography  of  whieh  £,  F  are  the  double  stigmata.  This  shows  the 
nature  of  the  points  of  issue  and  intersection  in  the  fundamental  proposition 
of  anJurmonic  rntios,  G.  S.  14,  and  completes  it  so  far  as  '*real'*  rays  are 
concerced.    It  will  be  further  generalized  herenfter. 

Hence  ABB' A'  is  a  quadrilateral,  of  which  F  are  the  intersections  of 
opposite  sides.  Consequently  if  A,  B'  and  A',  B  are  opposite  vertices  of 
a  quadrilateral,  andJI^F  the  intersections  qf  the  opposite  sides  (ab'),  (a'b), 
(ef )  are  e,  poinie  in  a  e,  involution.  This  completes  G.  S.  350,  for  **  real" 
rays  *. 

Tlie  above  coiisirlcrations  determine  all  the  relations  of  s,  liomography, 
but  do  not  suffice  to  L'ivc  nn  explanation  of  those  "imaginary  "  rays  wliicii 
play  so  important  a  part  ui  Chasles's  geometry.  Tlie  requisite  tlieory  is 
very  simply  obtained  by  considering  tlie  direction-points  of  two  sets  of 
(primary  and  secondary)  s.  rays  as  indices  btuI  stigmata  in  a  s.  homo- 
grapbv  or  s.  involution  (95).  In  pnrticulnr  it  is  tln  avn  that  if  the  s.  taH' 
gent  of  the  s.  angle  between  two  privuir>j  s.  rays  is  equal  to  that  between 
the  two  cnrrespondiny  secondary  s.  rai/s,  there  are  two  pairs  of  parallel 
s.  rays,  tahich  are  parallel  to  the  asymptotes  of  a  s,  circle  \  and  all  the 
other  relaiioiis  for  pencils  of  ordinary  homographic  rays  are  similarly  gene- 
ralized. In  this  case,  if  the  direction-points  of  all  the  rays  lie  upon  the 
same  straight  line  passing  through  the  origin,  the  s.  ray-s  corits]»oiid  to 
those  usually  termed  "  real and  if  any  do  not,  the  s.  rays  belong  to  the 
class  usually  termed  "imaginary,"  and  were  supposed  not  to  have  any 
geometrical  existence. 

When  the  two  s.  points  of  issue  of  the  two  pencils  are  distinct,  there 

will  be  generally  two  primary  rays  which  are  parallel  to  their  secondaries ; 

*  Some  of  ibsM  rmM*  ef  t.  Inwiiiitioii  and  t.  homograpby  have  been  preTiottstjr  ob- 
tained bj  Mobiut  (dted  in  the  ItUroimetery  Mem^,  591) ;  bni  his  method  and  eon- 

ccption  are  perfectly  different,  and  do  not  i^mit  of  the  extension  which  the  present  pro- 
positions immediately  receiTc,  to  include  the  CMS  of  "  imaginary"  raySy  a  snbjeet  never 
previioiuly  treated  aa  strictly  geometricaL 
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and  if  the  two  8.  pointfl  of  issue  coincide  (96),  these  parallel  rays  will 
become  double  rays.  Both  are  found  by  fisding  the  double  points  of  tbe 
homography  of  direction-poiats*  When  the  double  rays  are  ■•  perpen- 
dicular*, the  sum  or  difference  of  the  b.  tangents  of  the  two  s.  anglea  made 
by  the  primary  and  its  corresponding  secondary  with  the  double  rays  will 
he  zero.  If  the  direction-points  form  a  s.  irivolution,  the  s.  rays  form 
an  involution,  and  there  will  he  always  two  a.  rays  a.  perpendicular  and 
easily  constructed. 

The  8ti(/mata  of  the  s.  points  in  irhirh  th^  primary  (tiu!  sfroiidnnj  s.  rmjs 
of  two  pencif.f,  makinfj  fff  ^s.  taiKjent  of  the  s.  angle  between  sur/i  rays 
constant,  intersect  tiro  f/ir^i>  iines,  are  indices  and  stifpnata  respect wely 
of  s.  poinff  in  a  ff.  fiohioyrti  jihij^  of  which  the  stu/nm  (f  t/w  point  of  issue 
is  aduuJjIc  siii/Min  (  'J7).  \Vheuce  it  follows  that,  in  any  s.  hoDioyraiihy,  if 
the  f'/idiecM  be  considered  as  the  stigmata  of  S.  points  on  a  known  s. 
and  the  stii/maia  as  the  stigmata  of  s.  points  on  soyne  of/ier  /mown  s.  line, 
and  a  second  index  be  given  to  one  of  the  double  stiymatu  so  as  to  form  a 
9.  point  which  shall  lie  upon  neither  of  those  given  s.  lines^  and  pairs  of  s, 
rags  be  drawn  from  the  s.  point  thus  formed  to  pairs  of  corresponding  s. 
point*  in  the  two  s,  ImeB,  the  s.  tangent  of  the  «.  angle  between  any  two 
correepouding  rage  will  be  constant. 

Snppoiing  each  primary  s.  ray  to  eolndde  with  its  secondary,  and  OI  to 
be  the  axis  of  reference  (9S).  the  etigma  of  ike  s.  point  of  issue  of  a  pencil 
of  s.  rags,  aad  iheotigmata  of  the  intersection  ef  these  s»  rags  with  a  givea 
s»  Hoe,  form  the  indices,  and  the  extremity  1  of  ike  axis  of  reference  01.  and 
the  direction-peints  of  the  same  s»  rags,  respeetioelg  fbrm  the  stigwuda  of  a 
series  of  s,  points  in  a  s,  homognqfhg.  Whence  it  follows  that  the  anhar^ 
Monlc  ratio  of  aag/our  stigmata  of  iaterseetioa  is  the  same  es  thai  tie  foot 
eorre^oading  dirseiioa'points*  This  completely  generalises  the  fundamental 
proposition  of  anharmonie  ratios,  incloding  the  case  where  all  the  lines  are 
"imaginary,"  and  can  be  made  the  starting-point  of  a  series  of  propositions 
precisely  analogous  to  those  in  G.  8.,  but  with  a  much  wider  signification. 
Tiius  the  property  of  the  complete  quadrili^eral  showa,  on  being  generalised, 
that  E,  A,  B,  C,  U,  K',  A',  B'  be  any  eight  points  upon  a  plane,  and  two 
Other  points  C,  D'  be  assumed  so  that  the  triangles  E'A'C,  £'B  D  shall  be 
directly  dmilar  to  the  triangles  EAC,  EBD  respectively,  and  then  two 
additional  points  F',  F  be  determined  so  that  the  triangles  F'A'B',  F'C'D' 
shall  be  direct hj  similar  to  the  triangles  FAB,  FCD,  the  point  F  will  be 
constant,  if  the  first  Jive  jinints  E,  A,  B,  C,  D  rrmairt  unchanged,  whatever 
the  nrrt  three,  E',  A',  B,  may  belaud  will  lie  so  thnt  //  -SM  be  drawn  bisect- 
ing I  he  angles  ASD,  BSC  and  in  length  a  mean  proportional  belu  een  the 
leaytlis  of  SA,  SD,  and  also  of  SB,  SC,  thm  SM  will  aUo  bisect  the 
angle  ESF,  and  be  in  length  a  mean  proportional  between  S£  and  SF. 

*  If  A  and  B  are  the  direction-points  of  two  s.  Hoes,  the  litter  are  stigroatically  per- 
pendirnlar  when  on  .n>>=\,  and  the  diiectioa-poiBts  are  then  harmonicaUy  iituate  with 

re»iiect  to  1,  l\  where  Ul'-ilO. 
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"When  pun  of  separate  s.  nje  imttiiig  one  i.  line  are  oonaidered,  U  is 
shown  (99)  tliat  ^Jrom  mnjf  pomt  pmn     orHnary  fmf$  h9  iramn  whkh 
mn  tig  Itoe  Hmh  if  a  eoutmti  tm^h  tnHmg  my  HrmffJa  line  impomU 
Jhrwm^  tkg  mdkef  tmd  ttiffmata  «if  «.  pemlt  in  «  #•  hmogrt^hf  qf  whiek 
the  point  ^istue  is  a  double  etigwM,  and  wejkmiek  ntt  the  pomie  fyk^  on 
ikegioeH  straight  line,  and  the  point  of  issue,  with  CarieeiM  indices,  and 
henee  consider  all  the  s.  rays  as  Cartesian,  they  will  form  part  of  an  iomO' 
grofHnjf  of  s.  rayt,  rfwhieh  the  double  rojfo  drawn  from  the  Carteeian  point 
cfieeue  will  be  two  non-Cartesian  s,  linee  parallel  to  the  aoffm^otet  of  at, 
circle,  and  therefore  independent  of  the  majnitude  of  the  corf^fant  angle. 
This  furnishes  a  complete  geometrical  explanation  of  G.S.  171$  172, 181* 
6^1,  8.  C.  293,  &c. 

Generally  the  whole  of  the  propositions  in  6.  S.  respecting  the  homo- 
graphy  of  ordinary  points  and  rays  may  be  transferred  to  the  homography 
of  the  stigmata  of  s.  points  and  of  s.  rays,  forming  a  series  of  propositions 
of  much  greater  j^rnerality,  in  which  all  the  s.  points  and  s.  rnys  will  be 
perfectly  real,  and  can  be  constructed  by  means  of  eleTueutary  geometry. 

The  last  division  of  this  memoir  13  devoted  to  *.  conies,  which  embrace 
the  ordinan-  Cartesian  conies  as  particular  cases,  together  with  all  their 
so-called  imaginary  **  points  and  lines.  The  general  equation  is  assumed 
(100)  in  the  form 

wi.o*^+2o/3.ac.oy+oy,oy^4-2o?.o«+2oc.oy+a^aB0i  •  (a) 
end  it  is  shown  that  if  ofP^oa.ey  the  equation  may  represent  a  single 
B*  Un^  or  two  parallel  s.  lines,  or  a  s.  acentric,  wliich,  by  changing  the 
origin  and  index,  may  be  made  to  depend  on  the  equation  x'y'=4s'o  .  o'x'i 
but  if  o/3'  b  not  =oa .  o/,  the  equation  may  represent  two  intersecting  s. 
lines,  or  a  s.  centric — that  is,  a  s.  curve  which  when  cut  by  any  «».  line  passing 
tlirough  a  given  s.  point  (the  s.  centre)  lins  the  index  and  stigma  of  that 
s.  point  in  the  middle  of  the  lines  joiniii2;  the  two  indices  and  two  stigmata 
of  the  s.  points  of  nitcr>eetion  respectively.  It  is  also  shown  that  if  the 
origin  and  index  are  changed,  the  s.  centric  may  be  represented  by  the 
equations 

£;^'+^-i,  «•'•■'.«■>-.■*«  (6) 

0  e^     o  ff^ 

m  which  case  the  s.  lines  oV  =  0,  .r'»/  =  ()are  indeterminate,  but  forrajpaiV« 
of  a.  rays  in  involution,  wliicli  are  all  conjugate  diametrics*,  with  the 
exception  of  the  double  rays  o  j:"  =  0,  x"g  =  {),  which  are  asymptotes.  In 
the  particular  case  that  oa  =  0,  the  general  equation  can,  by  changing  ori- 
gin and  index,  be  made  to  depend  on  the  equation  o'j?^—«y«oV.  Such 
jcnnres  are  called  s.  eyclics.  In  the  cycHc  proper,  the  Tslnesof  o/3,  oy  may 
be  any  whatever;  in  the  s.  drele  d^+oysO,  in  whieh  ease  idl  tha  eon- 
jugate  diametrics  are  t.  perpen^cular,  and  the  direetion-pointe  of  theaey 

*  A  diametric  is  a  «.  line  passing  through  the  8.  centre  and  intersecting  tlie  s.  curve  in 
two  s.  points.  A  diameter  ia  the  ttraighl  line  joining  the  two  stigmata  ef  these  last  i. 
VetOM*  Arateiihttfadiimeter.  These  diiliBetions  are  inpeitant 
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pMet  mrt  1^  l\  But  if  both  om  and  Income  kO»  th»  i»  oycUfl  it  a  s. 
homogimphj  or  ■•  involntioii. 

The  gtnaral  bmnographic  propertiei  of  all  t.  oonioi  in  than  dadoaod 
(101).  Fbat»  a  «.  €oiittf  if  Me  loem  i^ihe  #.  j»mr<v  ^  mlerMetftM  ^ 
fMtf  pHm«uy  mid  §9ttmdwr}f  t.  rajff  igf  #iPO  peneik  qf  h/8m^ng^kie  «.  ri^ 
flitIA  iiy^ireiil  9,poiiU$qf  Mwe,  oiMf  jMMMt  ^ilroi^il  lAMt  jioifilt«  wlueh, 
nkh  di^t  ttodificatumi^  holds  wlien  a  band  of  paiaM  s*  linei  ia  aob- 
■titnted  for  eUher  or  both  of  tha  pencQi.  Seoondly^  ^  anharmome  mHo  q/ 
fimr  M,  ckordt  m  a  «,  eoRie  drmamfiom  «  waMU  «.  pomi  toftmrJlM9d9* 
jpoimti,  ^MTi  «  emuiami  ratio  to  the  ankarwwme  rolta  ^  tk$  Higmaia  ^ 
tho§e  fimrJUeed  9,  pomt$  s  and  tJUt  toatiant  ratio  is  cm  ^9piality  wkem 
the  s.  conic  is  a  9,  circle.  In  order  to  establish  the  Utter  part  of  this  pio* 
positioDy  it  is  shown  that  in  a  9,  circle,  the  s.  tang9ni  qf  thM  9.  angle  formed 
by  any  two  s.  rays  draam  from  a  variable  «.  pcint  to  any  two  fixed  s.  points 
in  tk9  s,  circle  is  constant  (which  is  a  generalization  of  £uc«  iii*  2l)$ 
whence  is  deduced  the  conditbn  that  foar  8.  points  should  lie  upon  a  s« 
circle.  The  daasification  of  s.  centrics  is  founded  ( 102)  on  the  first  of  the 
equations  (£) .  After  showing  how  the  two  stigmata  can  be  generally  found 
from  the  index,  the  name  of  the  s.  centric  is  made  to  depend  on  the  name 
of  the  locus  of  the  stigma  when  the  index  describes  the  principal  diftmeter 
in  whole  or  in  part.  This  locus  is  called  the  characteristic  curve.  Accord- 
ing as  o'e'-^o'^"'  is  a  negative  scalar, — 1,  a  positive  scalar,  +1,  or  any 
clinant,  the  s.  centrir  h  a  s.  ellipse,  circle,  hyperbola,  equiradial  (ccjuila- 
teral  hyperbola),  or  hyperellipse  (for  which  tlie  clmi  ru  tt  rislic  is  a  conlbcal 
ellipse  and  liyperbola).  Tlie  mode  of  finding  the  two  indices  correspond- 
ing to  each  stigma  is  then  given  (103),  and  the  circumstances  under  which 
a  8.  line  and  a  s.  centric  may  have  common  points  investigated  (104).  The 
mode  of  determinirii;  s.  poiuta  of  intersection,  when  there  is  no  intersection 
in  Cartesian  geometry  ("imaginary"  intersections)  is  illustrated,  and 
shown  to  lead  to  the  same  results  as  the  liomograj)hic  method. 

The  radical  axis  (IOj)  is  shown  to  be  ihe  Cartesian  po/  / ion  of  a  s,  line 
Khtch  is  the  coutmun  s.  chord  of  a  series  of  s.  circles,  so  situated  thai  the 
extremities  of  their  principal  diamtler^  are  the  indices  and  stigmata  of  a 
9,  involaiion,  of  which  the  "  real"  and  imaginary  "  circles  of  Chasles  are 
two  partieolar  cases* 

The  propertieB  of  a9ymptotea,  and  the  nature  of  those  in  a  s.  ellipse,  are 
thea  conndered  (106),  and  their  geometrical  properties  examined.  Coi^ 
gaU  JHametrie9  and  their  relations  to  the  asymptotes  are  next  inrwtigita^ 
(107).  In  especial  it  is  shown  that  if  (u'c),  {v'g)  are  two  of  the  s.  pdmti 
in  whidi  two  conjugate  diametrica  inteneet  a  s.  centric  and  if  the  s.  line 
drawn  ftom  {ue)  s.  perpendicnUur  to  the  diametric  connecting  (o'o')aiid 
{v'g)  meet  the  latter  in  a  s.  point  whoie  stigma  is  D,  we  shall  have 

oV.«iV+oV.ry=0,  (c) 

o'li^+oV^-o'e^      ttV'+»y'=oy,  W 

whence   oV'+oy'We^+oV',  W 

and        d^ .  (o'e-  r>')  «  ±  o> .  o>  (/) 
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From  tliese  relations,  which  are  much  more  general  than  any  hitherto 
enunciated,  the  ordinnry  relations  m  Cartesi&o  geometry  respecting  the 
lengths  of  conjugate  diameters  and  the  areas  thej  contain  are  readiljf  de- 
duced. 

By  referring  8.  centrics  to  conjugate  diametrics  as  new  coordinate  axes 
(108),  ft  simple  general  method  for  constructing  the  intersections  of  a 
B.  line  with  a  s.  centric,  and  for  drawing  two  s.  tangents  (109)  from  any 

8,  point  (except  the  s.  centre)  is  obtained.  This  is  illustrated  by  actual 
geometrical  constructions  corresponding  to  "  luiagmary  "  rases  in  (  arte- 
sian geometry.  It  is  also  shown  how  the  chord  of  contact  or  jjolar  may 
have  a  Cartesian  portion  when  both  the  s.  points  of  contact  are  uon- Car- 
tesian and  hence  "  imaginary.'* 

It  is  now  possible  (110)  to  demonstrate  the  fundamental  auharmonic 
propertiei  of  tangents  and  asymptotes  to  a  s.  centric.    J[f  through  /ottr 

9.  pomt$  in  a  9,  cmMe,  four  tan^mU  be  drawn,  inteneetin^  any  J!/ih 
tangmtt  and  aUo  /our  «.  chord*  mewtmp  in  any  ffih  s,  ptM  m  the  #.  ecu* 
ific,  tk§  anharmenie  ratio  of  the  four  atigmata  qf  the  #.  foimio  qf  inttOT' 
9tetion  of  thofittr  tangent*  with  tike  fifth  wiXt  ko  tfmd  to  the  ankarmomo 
ratio  af  the  Jhmr  e.  ehorde  (which  gentnliiei  8.  C.  2,  5, 1h»  d«iMniiti»> 
tioo  heing  hm  direct  end  thetcfove  inddj  dtffieiiiig  ftom  CkuMu), 
whence,  (f  two  fixed  temgeote  are  cfttbya  moeeaUe  tmigeiU  the  etigmatu 
efHe  #.  po^t^  of  interweetion  witk  them  wiU  he  the  imdieee  and  etigmata 
ofe»  poinie  in  me*  homographg*  It  is  nowpoinble  to  genenliic  the  whole 
ol  Chaslee'i  8.  tad  make  the  theories  i^plkabb^  mutatie  wmtandie$ 
toe.  oonios. 

The  e.ybei  of  a  8.  centric  (1  U)art  dl^^liiMl  Of  ae«« 
^  any  two  tangent*  which  are  parallet  to  Me  atymptotee  of  no.  eirele* 
Hence  it  ii  ihown  diet  there  are  fbnr  a.  fbd  to  a  e.  onitrie;  so  that  if 
eVMeV+oy^ieV*  the  two  prine^^  s.  fori  are  (as)  (m),  and  the  two 
traneveree  s.  fod  are  (o**),  (o'#).  When  the  s.  centrig  is  Cartesiant  the 
two  principal  s.  foci  are  thoee  nsnally  reoognised,  and  the  only  two  reeog> 
niied  hj  Chaeles,  8.  C.  275,  294.  The  other  two  transyerse  s.  foci  have^ 
howeier,  heen  recogniied  as  "  imaginary  "  foci  by  PlGcker  {Syetem  der  a, 
Oeometrie,  p.  106, 1.  6),  and  by  Salmon  (Conies,  4th  ed.  p.  248). 

Besides  the  usual  properties  of  the  local  stigmata  in  Cartesian  cunrei^  the 
following  entirely  new  correlatiTe  properties  of  the  principal  and  transferee 
s.  fod  are  demonstrated.  Let  there  he  two  conjugate  diametric*,  and 
through  any  s.  point  in  one  draw  a  e.  line  parallel  to  the  other,  and  let 
the  stigmata  of  the  *,  point*  of  intereeetion  of  the  corrugate  diametric* 
find  the  chord,  with  the  *.  centric,  be  reepeetively  E',  F ;  G',  H' ;  Y,.  Y,. 
From  E',  F  draw  straight  lines  paraIiLBL  to  the  bisectors  of  the  angle* 
YjSYj,  Y  ZY^  respectively,  forming  two  mde*  of  a  triangle  of  which 
E'F'  is  the  base.  Then  the  lengths  of  these  sides  wiU  he  mean  propor- 
tionals between  the  lengths  of  SY^,  SY„  and  ZY„  ZY,  re^perfhehj.  This 
is  a  generalixation  of  the  osnal  property  that  the  sum  or  difference  of  the 
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focal  diBtanoes  is  the  axis  major  i&  the  ellipse  or  byperboU.  Prutrvrng 
ihe  mme  notaiUm,  take  X'  ihe  middle poitU  o/Y,Y„  tet  o^X'X.>b]^X' 
ssO'S^  and  make  X,Y"-iT,X»,  and  X;^'"»Yf^.  From  the  estrad- 
He$  6  «H'  qf  the  diameter  con  jijgatb  to  that  wed  in  the  laei  prcpo* 
sition,  dram  etraight  Unu  PBRPS]fDicui.AR  ta  the  bieeetore  ^the  angUe 
Y"8Y^T'"ZY.  reepeetioet^,  fmmng  the  two  eidee  of  a  trianffle  o/whieh 
Q'W  ie  the  Baee,  Then  the  lengthe  qf  thete  eidee  wiU  he  mean  proper* 
tionab  between  the  ienffthe  ofSY",  8Y,  and  ZY%  ZY,  reepeetivefy.  This 
the  coirelstife  pioperty  of  Uie  tnoaTerse  s.  foci,  which  has  no  Cartesian 
analogue.  The  deduction  and  expression  of  these  properties  is  extremely 
simple,  and  they  are  illustrated  by  a  geometrical  ooostractbn.  Finally,  the 
e,  tangent  of  the  e*  angle  which  the  «.  ratfs  drawn  from  any  s.  point  in  ae, 
eentrie  to  the  two  principal  or  the  two  transverse  s.  foei  mahe  with  the  s, 
normal  at  the  s.  point  are  equal  and  opposite,  which  is  a  geaeralization^/or 
both  pairs  of  s.  fod,  of  the  property  from  which  the  ordinary  foci  deci?ed 
their  name. 

The  following  problems  are  then  solved  (112).  FirsL  Given  two  con- 
jugate  radii  O'E',  O'G'  to  find  the  principal  and  transverse  axes  of  the 
Cartesian  centric.  The  focnl  stigmnta  S,  Z  are  found  from  {e)  thus :  from 
E'  draw  E'M,  E'M'  perpendicular  to  O'G',  and  equal  to  it  in  length  ; 
join  0'^T,  O'M',  bisect  the  angle  MO'M'  by  O'S,  O'Z,  which  are  in  length 
mean  proportionals  between  O'M,  O'M'.  Then  there  are  three  solutions, 
giving  an  elhpse  or  two  hyperbolas,  according  as  both  or  only  one  of  the 
conjugate  radii  meet  the  characteristic  curve  of  the  Cartesian  centric. 
Secotid.  Given  dixj  three  s.  points  representing  the  s.  centre,  and  the  s. 
points  of  intersection  of  two  conjugate  diametrics  with  the  s.  centric,  to 
find  i is  jjriucipal  and  transverse  axes.  Third.  Given  three  s.  points,  to 
find  the  axis  of  a  s.  circle  pammy  through  them.  Tourth.  Given  any  five 
9.  points,  to  determine  whether  thtg  lie  on  a  8,  centric  ;  and  if  so,  to  find  iie 
principal  aiid  Irunsverse  s.  axes, 

K(|u:i(:ion  (e)  is  then  applied  (113)  to  obtain  a  more  gcncml  conception 
of  cuufucal  s.  centrics,  and  Carnot's  theory  of  transversals  (as  generuhzcd 
in  the  Introductory  Memoir)  is  applied  to  finding  a  new  expression  for  the 
B.  radius  of  curvature,  applicable  for  any  s.  point  ol  contact.  The  ordinary 
OXplfsrion  gives  length  and  not  direction,  and  applies  only  to  Cartesian 
points.  SiBular  investigations  arc  very  brieily  given  for  s.  acentriee 
(116-118). 

In  these  menoiii  on  Plane  SUgmatics,  the  writer  has  endesToured  to 
confine  himself  strietlj  to  snch  a  development  of  his  theory  as  would  snffiee 
to  establish,  with  geometrical  severity,  the  following  lesoltSy  whfdi  lie  be- 
lieves  to  be  entirely  new,  and  of  great  scientific  importaooe  to  mathematics. 

First*  7%e  probtem  of  the  geometrieai  ei/fnifieation  imagfinariee  in 
plane  gemHry  ie  completely  soU/ed;  eo  thai  the  terme  «  real  **  and  ^'ima- 
ginary  are  no  longer  required,  and  an  unbrohen  agreement  eedeie  between 
plane  geometrg  and  ordinarg  emnmiatiee  algebra. 
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ImagmanM  ame  'whencTer  an  algebra  is  used  wliich  ia  more  general 
thfln  the  geometry  to  which  it  i«  referred.  Ordinaiy  commutatire  algebra 
is  an  algebra  of  clinants,  which  coiresponda  to  a  geometry  where  not  only 
the  relative  lengths,  but  the  relative  angular  positions  of  straight  lines  are 
regarded.  Now  the  geometry  hitherto  associated  witli  it  has  been  ecalar, 
that  is,  has  considered  relative  lengths,  but  only  identity  or  opposition  of 
direction.  Thus  in  Caitrsinri  p-romctry  the  abscissae  and  ordinates  were 
necessarily  cnpposcd  to  be  parallel  to  given  lines ;  and  in  homographic  geo- 
metry, where  the  ordinates  wcro  not  taken  into  account,  their  extremities 
were  supposed  to  lie  on  one  or  two  given  lines.  But  tlie  nl-cbra  employed 
in  cith( T  case  took  no  notice  of  these  restriction?,  and  hence  led  to  results 
which  could  not  be  interpreted — that  is,  "imagiiinries."  The  solution  of 
the  ]>roblem  of  iniaginaries  has,  therefore,  consisted  in  that  stigmatic  coU' 
cepfirin  which  removes  these  restrictions,  freely  introduces  relative  angular 
position,  aiui  niaki  s  the  geometry  coextensive  with  the  algebra.  In  the 
ciJiirse  of  these  memoirs  every  fundamental  case  in  which  iniaginaries  occur 
has  been  separately  examined  and  shown  to  be  fully  explained  by  this  con- 
ception. 

Second.  The  coordinate  geometry  of  Descartes^  and  the  homoyraphic 
geometry  of  ChasleSf  are  only  particular  cases  of  the  writer  s  stiymatic 
geometry y  identical  in  nature,  and  expressible  ly  identical  equa(io/is ; 
for  both  Cartesian  and  homographic  geometry  consist  in  the  relation  of 
Index  to  stigma  with  various  lestrictionsj  which  may  or  may  not  be  re- 
garded in  stigmatic  geometry.  • 

Hiird,  T%e  general  iheoriet  plane  eureee,  ae  treated  hy  erdinairy  eth 
erdinate  getnMtry,  by  the  eyeieme  of  eoordmatitm  iniroetuced  by  PlUeker, 
or  ike  modes  of  unesHyaHm  more  recently  developed  by  Chaelet,  and  all 
ike  iheoriee  derieabie  fiom  theee,  hold,  ik  tbbir  iNTBGRrrY^  for  stig' 
mafic  eurvee  alonb. 

For  in  all  these  tbeories  cluumt  algeVra  ia  awodated  with  scalar  geome- 
try, for  which  the  stigmatic  conception  enables  ns  to  snhstitate  that  cKnant 
geometiy  which  perfectly  agrees  with  the  algebra  employed ;  and  the  fun- 
damental pnipoiitiona  of  these  theories  hare  been  extended  accordingly  in 
the  oonrse  of  these  memoirs. 

The  instmment  hy  which  the  writer  has  been  enabled  to  bring  these  in- 
wt^ations  to  a  successful  issne»  has  proved  so  serneeable  and  manageable* 
embracing  old  and  new  properties  in  a  single  equation,  often  rendering  a 
general  investigation  more  easy  to  conduct  than  the  former  special  re- 
searches, and  keeping  the  geometrical  operations  indicated  clearly  before 
the  mind,  that  he  would  add  as  a  subsidiary  result  of  his  theory  :— 

Fourth.  A  ealculua  and  a  notation  hape  been  invented  and  developed, 
which  enable  magnitude  and  direction  wpon  a  plane  to  be  eseprened  by  a 
eingle  eymbol,  obeying  the  laws  of  ordinary  algebra,  closely  reeendiUny  in 
e^pearanee  (not  in  theory)  the  notation  employed  by  Chatles  to  repreeent 
maymUmde  and  direction  vpon  a  eiraiyht  line,  and  ae  eaey  qfnmi^ieMkm, 
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III.  "Fundamental  Views  regarding  Mechanics.^'  By  Professor 
Ji  T  Tus  FLi^cKER^  of  honu,  For.  Mem.  B.S.  Received  May  29, 
1866. 

(Abstract.) 

Being  enoounged  by  the  friendly  intereit  e^ressed  by  £ngliBh  geome- 
tricians,  I  have  resumed  my  former  researcbes,  which  had  been  entirely 
abandoned  by  me  since  1846.  ^^Hiile  the  detiuls  had  escaped  from  my 
memory,  two  leading  questions  have  remained  dormant  in  my  mind.  The 
first  question  was  to  introduce  right  lines  as  elements  of  space,  instead  of 
points  and  plane^^,  hitliorto  employed;  the  second  question,  to  connect,  in 
mechauics,  both  translatory  and  rotatory  movements  by  a  ])ririciple  ia 
geometrj'  analogous  to  that  of  reciprocity.  I  proposed  a  solution  of  the 
first  question  in  the  geometrical  paper  pirsc uted  to  the  Royal  Society.  I 
met  a  solution  of  the  secoiid  question,  which  in  vain  I  sought  for  in 
Poinsot's  ingenious  theory  of  coupled  forces,  by  purMuug  the  geometrical 
way.  The  indications  regarding  complexes  of  force>,  p;iven  at  the  end  of 
the  "Additional  Notes,"  involves  it.  I  now  take  the  liberty  of  presenting 
a  new  paper,  intended  to  give  to  these  indications  the  developiiients  they 
demand,  r€.^er\inr:;  for  auolher  communication  a  i^ucciiicL  abstract  of  the 
curious  prope  rties  of  complexes  of  right  lines  represented  by  equations  of 
the  second  degree,  and  the  simple  analytical  way  of  deriTing  them. 

1.  We  usually  represent  a  force  geometrically  by  a  limited  line,  f.«.  by 
means  of  two  points  {x',  y,  z)  and  (x,     z),  one  of  which  (x^,  y^,  O  I* 
point  acted  upon  by  the  fonse,  while  the  right  line  passing  through  both 
points  Indicates  Its  direction,  and  the  distance  between  the  points  its  Inten- 
sity. We  may  regard  the  six  quantitiee 

ar— ar',  y— y',  z—z,  yz^yz,  zii—s*x»  xy'—x'y  ....  (I) 
as  tJic  si.v  coordinates  of  the  force.  Tlie  six  coordiuhtes  of  a  force  repre- 
seut  its  three  projections  on  the  three  axes  of  coordinates  OX,  OY,  OZ, 
and  its  three  moments  with  regard  to  the  same  axes.  Aooordingly  we 
may,  as  far  as  we  do  not  regard  the  point  acted  upon  by  the  foice^  replace 
its  eoordinatea  by 

X,   T,   Z,   L,   M,   N   (2) 

in  admitting  tiie  equation  of  condition 

LX+MY+NZ-0,   (8) 

which  indicates  that  the  axis  of  the  res\ilting:  Tnoment  is  perpendicular  to 
the  direction  of  the  force.  In  making  use  of  the  primitive  coordinates 
tins  condition  la  InrolTed  in  the  form  given  to  them. 

When  the  hit  condition  is  not  satisfied,  the  coordinates  X,  Y,  Z,  L,  M, 
N  reprsittl  n»  longer  a  meie  force ;  they  aio  tiie  eoordinatia  of  what  I 
proposed  to  call  a  d^FNMe. 

In  the  general  ease  audi  a  dynamo  lesnlta  when  any  numbeni  of  gifw 
feeoea  act  upon  any  gifin  poinCa.  Here  the  nix  cooidinitei  of  the  dynamo 
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an  the  sums  of  the  six  coordinates  of  the  giren  forces  y',  m,  r). 
If  between  the  six  sams  thus  obtained, 

Z(»-»').       2(y-y'),       Kr-r'),      \  .  . 

r(y/-y'*),  2(«y'-.*»J 

an  equation  analogous  to  (3)  takes  place,  thm  is  a  resulting  force.  In 
the  case  of  eqniUhriam  the  six  snnui  heeome  equal  to  aero. 

2.  In  quite  an  analogous  way  as  we  have  determined  an  ordinary  fbree 
bj  means  of  two  points  in  space,  one  of  which  is  the  point  acted  upon,  we 
may  represent  a  rotation,  or  the  rotaicry  /aret  producing  it,  by  means  of 
two  planes, 

the  coordinates  of  which  are  t',  u\  v'  and  ^  w,  r,  one  of  the  two  planes 
(i*.  If',  v')  being  the  plane  acted  upon.  The  right  line  along  whxdi  both 
planes  meet  is  the  axis  of  rotation.  The  plane  acted  upon  may  in  a 
double  way  turn  round  the  axis  of  rotation  in  order  to  coincide  with  the 
second  plane  (/,  u,  v)  ;  but  there  is  no  ambiguity  in  admitting  that  during 
the  rotation  the  rotating  plane  does  not  pass  through  the  origin,  and  con- 
sequently its  coordinates  do  not  become  infinite. 
Let  US  regard  the  six  quantitiea 

«— 9—v\  vt'—vt,    tu'^e%  (5) 

as  the  six  coordinates  of  the  rotatory  force.  As  far  as  we  do  not  r^ard 
the  plane  acted  upon,  we  may  replace  them'  by 

3E.  %  a  ft  a»,  ill    (6) 

in  admitting  the  equation  of  condition, 

sx+^??)+9?3=o   (;) 

(For  the  gcomcincai  eiguiticatiou  of  these  new  courdiuatea  1  refer  to  the 
original  j)aper.) 

Wheu  the  last  equation  of  condition  is  not  ?ati?fied,  the  courilinates  3E, 
?)»  3»  '^^  ®^  ^  longer  represent  a  mere  rotatory  force ;  they  are  the  six 
independent  coordinates  of  what  I  called  a  rotafonj  iJijnaine. 

lu  the  general  case,  snch  a  rotatory  dyname  ixhuli^  ulicii  any  number  of 
given  rotatory  forces  acts  on  any  givcii  planes.  Here  the  six  coordinates 
of  the  resulting  rotatory  dy  aame  are  the  six  sums  of  the  six  coordinates  of 
the  given  rotaLory  forces. 

2(»^~w').  1  ^gv 

If  between  these  six  coordinates  the  equation  of  condition  subsists,  th<  re  is 
a  resulting  rotatory  force.  In  the  case  of  equilibrium  the  six  sums  become 
equal  to  zero. 

Any  movement  whatever  may  be  referred  as  well  to  ordiiKiry  as  to 
rotatory  forces ;  consequently  an  ordinary  dyname  and  a  rotatory  dyname 
mean  the  same. 

3.  From  the  notions  developed  w«  iounediately  obtain  two  general 
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theorems  coDstituting  the  b«e  of  italics.  In  a  rimihir  way  as  d'Akmhert*! 
prindple  ia  derived  from  the  ^'pimeipe  des  Titeues  Tirtuellet/'  both 
theorani  may  be  tniufonned  into  Audflmental  theofems  of  mecSiasucs* 

In  Btarting  from  the  coordinates  of  orduuuy  foroei^  the  equations  of 
equilibrium  sie 

=0,  =0,    T(z-z')     =0,  1  .  . 

wbifib,  bj  replacing  these  forces  bj  rotating  ones,  become 

2(^-0  X(i*-tt')    =0,  =0,  1  .  . 

We4ikemse  may  express  the  conditions  of  equilibrium  Ij  the  followmg  six 
equation*— 

X(a-^ttOmO,  2:(y-y')=0,  2(^r-O=0.  1 

=0,   2(tt-ii')  =  0,   2(«W)«0,  J ^  ' 

threo  of  which  are  taken  amongst  (9),  three  amongst  (10) — and  expand 
tht  .sc  t  quations  hi  the  analytical  way,  starting  either  from  the  consideration 
of  ordinary  or  rotatory  force?.  The  interpretation  of  these  equations 
immediately  gives  the  folio\^  ing  two  thcoreius.  In  the  case  of  equilihrinm — 

I.  2  he  centre  of  ffraviiy  of  the  poinff  acted  upon  Inj  the  forces  coincides 
with  the  centre  of  gravity  of  the  second  poiuts,  by  means  of  which  the 
forces  are  determined  (  No.  1). 

II.  The  central  jplanp  of  the  planes  acted  vpon  by  the  rof  a  tor}/  forces 
coijicides  with  the  central  plane  of  the  second  jilaneSf  by  mtann  of  which 
the  rotatory  forces  are  determined  (No.  2)*. 

If  we  introduce  the  notion  of  masses,  both  theorems  hold  good,  only  the 
definition  of  both  kinds  of  forces  and  therefore  their  unity  is  changed.  The 
points  acted  upon  become  centres  of  gravity  corresponding  to  masses ;  the 
planes  acted  upon,  centra!  planes  correspondmg  to  moments  of  inertia. 

If  equilibrium  does  not  exist,  we  get,  in  the  general  casSt  one  resulting 
force,  determined  by  the  two  centres  of  grarity>  and  one  resulting  rotatory 
force  detemdned  by  the  two  central  planes.  We  easily  obCahi  the  six 
differential  equations  of  the  movement  produced. 

I  shall  think  it  suitable  Anther  to  develope  the  principles  merely  indi- 
cated in  the  paper  presented.  A  Treatise  on  Mechanics  reconstructed  on 
thom,  will  assume  quite  a  new  aspect. 

4.  In  making  use,  within  a  phne,  of  point-  or  line-eoordinates,  we  repre- 
sent* by  means  of  an  equation  between  the  two  coordinates,  a  plane  curve 
deaerilied  by  a  pomt,  or  enveloped  by  a  right  line.  In  makmg  nie^  in 
spacer  of  point-  orplane-coordinatefl,  by  means  of  an  equation  between  the 
three  coordinates!  a  surface  is  represented  which  may  be  regarded  as  a 

*  The  coordinates  of  tiie  central  plane  are  obtained  in  the  sauio  wny  by  means  of  the 
eoordoMtos  of  tba  given  planes  aa  flia  ooovdinates  of  tbo  centre  of  grarity  are  oMrined 
I7  BMtas  of  the  eootdioalM  of  the  gifn  poinli. 
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JoaM  of  polnti,  or  an  enTciope  by  plaoea.  In  my  geometrical  paper  I 
introduced  tbe  tigbt  line^  depending  on  four  constants,  as  tbe  element  of 
space.  An  equation  between  these  constants,  if  regarded  as  wiables,  re- 
pteseata  a  eot^fiex  of^.  Each  line  of  the  complex  maybe  regardedeitber 
as  a  my  described  by  a  poln^  or  as  an  weU  enTeloped  bj  planes.  In  order 
to  render  the  developments  symmetrical,  I  adopt^  as  coordmates  of  the 
ngfat  line  the  same  expressions  (1)  and  (4)  (connected  by  an  equation  of 
condition)  made  nsc  of  in  tbe  deter^imation  of  ordinary  and  rotatory  forces. 
At  the  same  tim^  general  equations  between  tbe  six  coordinates  were  re- 
placed by  homogeneous  ones.  In  doing  so,  A,  B,  C,  D,  ]^  F  denoting  any 
six  constants, 

A(W)  +  B(y~y')  +  C(r-r')4-D(y/-.y>)  \ 

+E(yx'-y'x)  +  F(iy'+a:y)  -  11=0,  J 

+D(<-O+E(»-«»')+J'(»-»')=*"0  i ^^^^ 
represent  the  9ame  linear  complex  of  lines,  which  may  be  regarded  as 
a  complex  of  rajs  as  well  as  a  complex  of  axes. 

When  general  equations  between  the  same  nx  coordmates  are  admitted, 
tbe  complex  of  rays  becomes  a  complex  of  ordinary  foreet,  tbe  complex  of 
axes  a  complex  of  rotation$  or  rotatory  foreea,  both  ordinary  and  rotatoiy 
forces  depending  upon  five  constants.  Here  we  meet  a  reciprocity  be- 
tween both  kind  of  forces  corresponding  to  the  redprodty  between  pomt 
and  plane. 

Finally,  in  omitting  the  equation  of  condition  hitherto  made  use  of,  we 
pass  from  forces  to  dynames,  depending  upon  the  six  independent  constants 

X,   Y,   Z,   L,  M,   N,   (14) 

or  %   %        8.  2»,  S»   (15) 

A  complex  of  dynamos  Is  represented  by  an  equation  between  six  wiables. 
Here  again,  as  in  the  case  of  right  lines,  the  same  complex  may  be  repre- 
sented in  a  double  way  by  means  of  tbe  two  sets  of  coordinates.* 

In  order  to  complete  these  genend  consideratbna,  we  add  the  following. 
A  dynamo  may  be  resolred  into  two  Tariable  forces,  either  ordinary  or 
■rotatory.  These  variable  forces  constitute  a  linear  complex,  either  of  ordi- 
nary or  extraordinary  forces.  A  homogeneous  equation  between  the  six 
independent  coordinates  (14)  or  (15)  represents  a  con^esf  of  two  eo^ed 
variable  right  lines, 

5.  I  will  conclude  by  givbg  some  details  regardmg  complexes  of  the 
first  degree. 

.  A  linear  complex  of  ordinary  forces  is  represented  by  the  linear  equation 

which  may  be  expanded  thus: 

(A+Fy'--E*> 

+  (B-Fa:'-D^')y 
+  (C  +  Ej;'-Dy> 
-iA*+ByXy. 
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In  putting  y',  /  M  eooilants,  thoie  fones  of  tiie  eooiplez  ane  obtained 
wUeh  pMi  thnmgh  fho  ghren  point  (a;',  y',  In  thif  sappoBtun  tbe 
•qnaftioD  of  tbo  oomplei  beoomM  tho  equation  oft  plane.  Tbii  plane  ia  die 
keoa  of  the  aeoond  pointa,  by  meant  of  wbieh  the  foroea  of  tbe  complex  an 
determined.  Henoe  in  a  linear  eomplez  tbexe  an  acting  on  eadi  pobi  of 
■pace  foroea  in  all  diteetiona,  tbe  mtensitj  of  eacb  ftree  being  the  flegm  At  on 
lla  direetion between  the  point  acted  npon  and  ita  correaponding  plane  (16). 
Henee  we  derive  liie  following  theorem : — 

In  a  eompIeK  of  rotatory  foicee  any  given  plane  of  epaee  is  aeled  npon  * 
hj  an  infinite  number  of  ibioesy  each  line  within  tbe  phme  being  an  ana  of 
rotation.  The  rotations  ronnd  all  axes  are  determined  by  aeoond  phnea 
passing  thnogh  a  fixed  point,  the  porition  of  whioh  depends  upon  the 

giTen  point. 

I  showed  in  the  geometrical  paper  the  way  of  discassing  linear  oomplexea 
of  right  lines.  The  properties  of  linear  complexes  of  forces,  either  ordinary 

or  rotatory,  may  be  developed  in  a  similar  way. 

6.  Rigfat  lines  belonging  simultaneously  to  two  complexes  constitute  • 
single  oongmeney,  and  aoeordingly  intersect  two  fixed  lines;  if  belonging 
to  three  complexes^  <hsy  eonstitute  a  double  oongruency,  t.  e,  one  gene- 
ration of  a  hyperbolic  or  parabolic  hyperboloid.  Forces,  either  ordinary  or 
rotatory,  belonging  simultaneously  to  two,  three,  four  complexes,  consti- 
tute a  single,  double,  or  threefold  congruency  of  forces.  In  admitting  i 
these  dcnomiTiations,  the  following  results  are  immediately  obtained. 

In  a  imear  congruency  of  ordinary  or  rotatory  forces,  the  directions  of  all 
ordinary,  or  the  nxes  of  jill  rotatory  forces,  constitute  n  linear  complex  of 
lines.  All  ordinary  forces  acting  on  ixwy  given  point  of  space  are  coiitiiicd 
within  the  same  plane  ;  tlic  intensity  ot  ench  force  is  equal  to  the  distance 
between  the  point  acted  u[)oii  and  the  point  where  its  direction  meets  a 
fixed  line  within  the  mentioned  plane.  The  axes  of  all  rotatory  forces, 
acting  upon  aiiv  given  plane  of  space,  moot  in  a  fixed  point  witliin  that 
plane.  Tliere  is  a  fixed  line  passing  through  the  fixed  point,  round  which 
the  second  plane  s  of  all  forces  turn  when  their  axes  turn  round  the  fixed 
point  in  the  given  piano  acted  upon. 

In  a  double  congruencv  of  ordinary  torres  there  is  one  force  of  given" 
direction  and  intensity  actiug  upon  any  point  of  space,  as  there  is  in  a 
double  congruency  of  rotatory  forces  one  force  acting  upon  any  given  plane. 

In  a  threetoM  congruency  of  ordinary  forces  the  directionSt  in  a  three- 
fold congruency  of  rotatory  torccs  the  axes  of  all  forces  constitute  one  of  , 
the  two  generations  ot"  a  hypcrbolold. 

These  few  indications  may  be  sufficient  here ;  but  before  concluding  I 
must,  in  referring  to  the  original  paper,  make  a  last  remark.  Forces  acting 
along  a  given  right  line  may  either  be  regarded  as  the  same,  whatever  may 
be  the  point  of  the  line  acted  upon,  or  diey  may  be  regarded  as  varying  in 
Intensity  according  to  the  pointion  of  the  point  There  is  an  anah^gona 
distinetion  to  be  made  with  regard  to  rotatory  forces.  Aoconfingly  two 
different  kinds  of  complexes  mnst  be  distingmshed. 
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IV,  "  Contributions  to  Terrestrial  Magnetism. — No.  X."    By  Lieut* 
General  Edward  SabinSj  B«A.j  President  of  the  Royal  Society. 
.    Received  June  7, 1866. 

(Abstract.) 

Itt  this  number  of  the  Contribntions  to  Terrestrhil  Magnetism  the  author 
resumes  the  discussion  of  the  results  obtained  in  the  Magnetic  Surrey  of 
the  Southern  Ocean  by  the  Expedition  under  Sir  James  Clark  Ross,  R.N., 
and  Captain  Francis  Rawdon  Crozier,  E.N.,  between  the  years  1839  and 
1843.  The  proceedings  during  the  two  first  years  of  this  Survey  hsTC 
been  the  subjects  of  t%vo  preceding  numbers  of  the  Contributions,  viz.  of 
Nos.  \.  and  VT.,  iu  the  Philosophical.  Transactions  for  1843  and  1844. 
The  present  number  contains  a  similarly  detailed  exposition  of  the 
operation?  of  the  third  year  of  the  Survey,  comprehending  the  Southern 
Atlantic  between  Cape  Horn  and  the  Cf\pe  of  Good  Hope,  and  <  <>mj)letinp: 
the  circumnavigation  of  tiie  suutliern  l^emisphere,  from  the  de]mrture  of 
the  expedition  from  the  Cape  of  Guud  Hope  iu  March  1840,  to  the  return 
to  the  same  station  in  April  1843.  Iu  a  subsequent  memoir,  wliich  will 
be  presented  to  the  Royal  Society  early  in  the  ensuing  Session,  the  anthor 
proposes  to  connect  and  thoroughly  ooorilinate  the  three  portiouei  of  the 
Surrey,  jukI  to  supply  from  them  the  aumericul  data  at  equidistant  points 
ou  each  ol  the  three  parallels  of  50°,  60'^,  and  70"  of  south  latitude,  of 
the  three  magnetic  elements,  which  will  be  required  for  a  revision  of  the 
'  Allgemeine  Theorie  des  Erdmagnetismua'  of  M.  Gaaai  the  40th  parallel 
having  been  the  most  aoniheni  aTiilable  at  the  ^Kwh  of  the  publieation  of 
the  origjnaK  liOfk. 

The  imtmiaettto  employed  in  this  Snrveyt  m  weU  ei  the  aictfaodc  ef 
employing  them,  and  of  eUmhiating  the  dlstarbing  inflnence  of  the  inm  in 
the  equipment  of  the  Teiieli^  having  been  m  a  great  measore  of  a  novel 
diaiacter,  a  dieeinionof  coondetabb  length  bearing  on  t31  anch  points  la 
prefiied  to  a  lUl  detail  of  the  obeerratione  themeehree,  arranged  in  TaUee^ 
ahoiring  in  eveij  Initanoe  both  tbo  immediate  results  of  the  obeerratiens, 
and  the  correotions  which  have  been  applied  in  oenfonnity  inth  the  prin- 
ciples oonteined  in  the  prelimmary  discussion.  Tabular  abstracts  are  also 
ihnished*  sodiibiting  the  results  of  the  detenninations  of  each  dajt  ivith  the 
appiopriate  geogiaphical  positions. 

Jant  21, 1866. 

Lieut. -General  SABINK,  T resident,  in  the  Chair. 

Dr.  Hugo  Muller,  Mr.  Perkio>  the  Rev.  Canon  Selwyiii  and  the  Bev.  B. 
Townsend«  were  admittfd  into  the  Society* 
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I,  *'0n  the  Relation  of  Rosanilinc  to  Rosolic  Acid/'  By  H.  Caro^ 
and  J.  Alfred  Wan&lyNj  Professor  of  Chemistry  at  the  London 
Institution.  Commimicated  by  Dr.  Frankland.  deceived  Jane 
5, 1866. 

At  the  Meeting  of  the  British  AsBOciatbn  held  in  Bath  in  the  year  18G4, 
it  mu  pointed  out  by  one  of  ns  that  rosaniline  and  rosolie  aeid  might  be 
represented  as  ethylene  which  had  undeigone  snbstitntion 
Type.  BoMiiilitte.  Boiolie  Add. 

fH  (NC,H,H  rOC.H, 

pjll.     pIXCJIJI.  pIoC.H, 

U       [h  .  [oh 

BoBsniline  and  rosolie  aeid  became  members  of  the  same  iamily*  the  former 

(C  H 
^  in  place  of  hydrogen,  the  latter  also 

an  ethylt  iic,  but  containing  OC,  IT.  and  O  II  in  place  of  hydrogen.  Some 
of  the  reasons  fur  assigning  these  formulee  were  given  in  the  communica* 
tion  made  to  the  Balh  Meeting. 

The  relationship  between  rosaniline  and  rosolic  acid  !s  rery  well  brought 
out  hy  the  facta  which  will  presently  be  brought  furward. 
Griess  has  shown  that  auUiue  and  nitrous  acid  y  ield  water  and  diazobenzol : — 
Aniline.  DiazobeiizoU 
C.H.NU, +  nNO,    =    C,H,N,  +  2H,0. 

Diazobenzol  is  a  most  remarkable  compound,  forming  salu  whk-h  are  very 
eiplosive,  and  which  undergo  certain  very  interesting  transformalions  under 
the  influence  of  reagents.  It  is  moreover  the  representative  of  a  nume- 
rous class  of  coinpouiuls  derived  similarly  by  the  lu  tlon  of  nitrous  acid  on 
different  bases,  nnd  for  the  most  jmrt  resemblin^^  itself  in  the  explosive 
character  of  the  salts.  One  of  the  most  remarkable  reactioiis  prescat*.  J  by 
diazobenzol  is  that  with  water,  wherein  the  whole  of  the  nitrogen  of  the 
diazobenzol  is  evolved,  and  its  place  supplied  by  an  atom  of  water 

Nitrate  of  cIiazoi)enzol.  Carbolic  acid. 

C.H.N^HNO,    +    H,0   -    C,H.O    +    HNO,  +  N,. 

This  elegant  form  of  reaction  aj)pcars  to  be  characteristic  of  the  class  to 
which  diazobenzol  belongs;  and  Griess  has  resorted  to  a  measurement  of 
the  quantity  of  nitrogen  set  free  durina;  the  reaction,  aaameaaflof  arriving 
at  the  composition  of  the  nzo-comprnui  ls. 

Hofmann  showed,  bome  yeaib  ago,  that  rosaniline,  after  treatment  with 
nitrous  acid,  is  capable  of  forming  a  platinum  compound  endowed  with  ex- 
plosive properties,  but  appears  not  to  ha?e  followed  die  inTestigation  further* 

Bafaf  has  recently  shown  that  naanOine  salts  are  cmiferted  hy  nitrons 
add  into  a  dye,  wliieh  he  eonsidered  to  be  rosolie  add.  We  hare  also 
investigated  the  aetion  of  nitroui  acid  im  losanilme,  and  arrive  at  the  fol* 
lowing  results:—* 
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When  an  acid  lolatioii  of  a  talt  of  rosaniline  is  mixed  with  nitfoiis  acid, 
U  fonns  an  awHSompoiuid,  which  oorrespoitds  Teiy  doselj  in  ebaiaeter  to 
dkaobeniol.  like  diaaobemol  this  oompoand  fbnns  ezplosiTe  sslCs;  like 
diaaobeniol  it  decomposes  with  evolntion  of  nitrogen  gas  when  it  is  hoiled 
with  aclda.  In  adding  the  nitrous  acid  to  the  eolation  of  rosaniline  to 
form  the  compomid«  it  is  easy  to  obeerre  the  exact  point  at  which  the  so- 
lution ceases  to  contvn  mialtered  rosaniline.  It  thus  beoomes  easy  to 
determine  the  amount  of  nitroni  add  consomed  in  the  conTendon  of  a  given 
weight  of  roeaniline  into  the  nzo-compoand.  We  have  done  this  by  the 
employment  of  a  method  which  gives  excellent  results  when  applied  to 
anffine  and  tohiidine,  and  the  details  of  which  will  shortly  be  published  by 
one  of  us*  We  obtain  as  the  result  of  our  experiments,  that  one  molecule 
of  lusamline  consumes  three  equivalents  of  nitrous  add ;  and  the  equation 
repreacntipg  the  reaction  will  be 

Rosaniline.  Azo>conipouud. 
CmH,.N,+3HN0.   =    C^H«N,    +  6H,0. 

On  boiUng  this  aso^»mpound  with  hydrochloric  add»  there  is  evolution 
of  nitrogen  gas.  The  Tolume  of  nitrogen  was  measured.  The  result  waa 
that  one  molecule  of  roiani]ine«  after  cooveruon  into  the  aao*compound« 
yields  six  equnralents  of  nitrogen. 

a,H,,N,  +  3H,0=C  „II„0,  +  N,. 

These  changes  in  composition  are  accom})anied  by  striking  pliysical 
effects.  The  deep- red  solution  of  the  salt  of  rosaniline  becomes  brown 
on  the  addition  of  excess  of  hydrochloric  ncid,  then  yellow  ns  the  nitrous 
acid  is  added;  then  there  is  ninch  froth,  and  as  the  solution  is  btnled  it 
gradually  becomes  red  yellow,  aud  a  large  quantity  ot  a  dcep-coioureti  solid 
with  cautharides-like  lustre  separates  out. 

Seeing  that  this  solid  is  produced  by  trcatinj;  rosaniline  with  three  equi- 
Talents  of  nitrous  acid,  and  that  six  equivalents  of  nitrogen  arc  evolved,  it 
must  be  a  non-nitrogenous  substance.  A  careful  comparison  of  its  pro- 
perties and  reactions  wiOi  those  of  the  rosoiic  acid  described  by  Kolbe 
and  Schmitt,  and  uuw  luudc  largely  as  an  article  of  commerce,  ieada  to  Llm 
conclusion  that  it  is  identical  with  rosoiic  acid. 

The  following  characters  are  common  to  it  and  to  the  rosoiic  acid  of 
Kolbe  and  Schmitt. 

1.  A  yellowish-red  solid  with  cantharides-like  lustre,  only  sparingly 
soluble  in  water,  soluble  in  ether  aud  alcohol. 

2*  EasQy  aoluble  in  amrnomat  and  in  alkalies  generally,  forming  red 
solntioiis  of  Tc;>  great  colouring-power.  Addition  of  acids  to  these  sola- 
tions  deocdoriaes  them,  precipitating  the  colouring-matter  in  the  form  of  a 
yeUoirish  piedpitat^  which  Taries  mudi  in  tint. 

3.  When  bdled  with  aniline  and  a  little  hensoic  acid,  it  forms  a  blue 
dye«  there  hemg  no  evolution  of  ammonia.  The  blue  dye  is  Tery  soluble 
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inikolioli  not  Mliddem  water;  it  k  tlieidt  of  sf^  It 
distohpit  in  sttong  nilpiuiric  aoid,  giving  a  red  loliiAion. 

4.  Snlimitted  to  dsitnictiTe  dastiUatimi*  it  givei  atninduioe  of  eaiMie 
add,  leaving  a  earbonaeeona  reiidne. 

5*  The  deep-ied  loLntioQS  in  alkalies  aie  easily  tedoeed  on  boiliBg  them 
with  tine  powderj  so  treated  thej  lose  their  ooloor;  bat  reatoratim  of 
the  eobor  takee  place  on  adding  ferricyanide  of  potassinm. 

There  is  only  one  partiiciilar  in  which  any  difibrenoe  could  be  detected 
between  the  product  obtained  from  rosaniline  and  that  obtained  from 
eariioUo  add  by  Kolbe  and  Sch mitt's  process. 

The  rosolic  acid  of  Kolbe  and  Schmitt  forms  salts  the  solutions  of 
which  are  darkened  by  ferricyanide  of  potassinm.  The  product  obtained 
from  rosauiliue  does  not  darken,  or  darkens  only  very  slightly,  on  the 
addition  of  ferricyanide.  An  explanation  of  this  difference  is  afforded  by 
the  following  experimental  facts.  The  product  from  rosaniline  after  re- 
duction with  zinc  becomes  capable  of  being  darkened  by  ferricyanide  ;  and 
if  leuomilioe,  instead  of  rosaniline,  be  taken,  there  is  obtained  a  cantharides- 
like  product,  which  gives  red  solutions  with  alkalies,  but  is  darkened  by 
ferricyanide.  Furthermore,  if  a  solution  of  Kolbe  and  Schmitt*s  rosolic 
acid  be  darkened  with  ferricyanide  of  pntassiuni,  and  then  precipitated  by 
the  addition  of  an  acid,  there  results  a  colour-ncid,  which  dissolvrs  in 
alkalies,  givini;  solntifnT?  of  the  exact  tint  of  the  rosauiline-product,  niul, 
like  it,  inraj)able  ot'  being  dt'tjuMiftl  \\\  iVrricvnnide.  The  intcrprctiitioa 
of  ali  tiiis  is,  that  llie  rosolic  acul  ubtaiueil  frdui  c  Hrholic  ucid  by  the  action 
of  sulphuric  and  oxalic  acid  (Kolbe  and  Schmitt)  contains  more  or  less 
leuco-rosolic  acid,  produced  probably  by  the  reducing'  action  of  some  sul-* 
phuroui  acid.  The  rosoUc  acid  got  from  leuciuiiliue  also  contains  more  or 
less  leuco-rosolic  acid.  The  rosolic  acid  obtained  from  rosaniline  is  free, 
or  almost  free,  from  leuco-ro»olic  acid. 

Be  thij^,  however,  as  it  may,  there  rnn  be  no  doubt  that  rosaniline  and 
carbolic  acid  ^i\o  (.■^-ent  lally  the  s.auie  product  wliin  the  former  is  treated 
with  nitrous  acid  in  the  manner  we  have  dcscrilud,  aud  the  latter  with 
sulphuric  aud  oxahc  acids  as  ui  Kolbe  and  Schuiitt's  process. 

Adopting  the  "Ethylene  type,"  wc  have  the  following  expresaious  fur 
the  reactions  of  rosaniline 


Rutaniline. 


Azo-rosaniline. 


fNC,  H.H 
NC.H.H 


+ 


HNO, 

HNO, 
UNO, 


+ 


2H,0 
2H,0 
2H,0 


NC.H.H 


Ro«oUc  Acid. 


BinamUne  tit  RosoUc  Add, 
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On  comparing  the  fonnnla  of  roiolie  acid  given  Urns  by  Grie8i*8  pro* 
oeaa  i^luid  (o  foaamline*  we  find  tbat  it  diffien  from  the  formnU  dedoeed 
from  Kolbe  and  fiehmitfi  analysis,  riz. 

[oh 

bj  one  atom  of  oxygen. 

We  are  inclined  to  tliink  that  this  difficulty  must  be  got  over  by  cor- 
recting the  foirnula  deduced  iVoin  Kolbe  and  Scbmitt's  research.  If  the 
numbers  required  by  the  formulae  C^^  H,,  and  C^o  Hj^  be  calcidated, 
it  will  be  found  that  both  of  them  fall  sufficiently  near  the  analytical 
results  actually  obtaiut;d  to  allow  of  the  deduction  of  either  from  the 
analyses. 

Taking  the  latter,  viz.      11^^  0^,  all  will  become  intelligible 

Rosolic  Add. 

roc,H. 

H 

Thofl  nwolic  add  appears  aa  an  ethyl-hydride,  and  its  geneimtioii  b  Uio 
Giieai  proeeaa  applied  to  loaaniUne  is  obTious.  To  the  foimula 

O  Cg  H, 
OC,H, 
H 

wbich  b  derived  from  rosaniline  by  the  straightforward  action  of  nitrous 
add  and  water,  we  have  to  add     O,  and  we  get 

fOC.H, 
OC.H,    .  . 
OC.H, 
H 
H 
HO 


Type. 

r  H 

H 

H 
H 

H 

C  i 


whidi  b,  aa  was  said,  a  possible  expresrion  of  the  analysst  of  the  nsolic 
add  obtained  from  carbofie  add. 
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II»  On  the  Chemical  and  Mineralogical  Composition  of  the 
Dhurmsalla  Meteoric  Stone/'  By  the  Rev.  Samuel  li  aughton, 
M.D.,  F.a.S.^  Fellow  of  Trinity  Coll^,  Dablin.  Beceived  June 
6,1866. 

On  the  14th  July  1860,  at  2.15  p.m.,  a  remarkable  meteoric  stone  fell 
at  Dhurmsalla,  m  the  Pnujah ;  a  small  Bpecimen  of  wbicb  was  forwarded 
to  the  Geological  MuBOnm  of  Trinity  College,  which  I  have  analyzed  with 
the  results  oontamed  in  the  following  paper. 

The  direction  of  the  motion  of  the  meteorite  was  ascertained  to  be  from 
N.N.W.  to  8.S.E. 

The  cold  of  the  fragments  that  fctt  was  so  intense  as  to  bennmb  the 
hands  of  the  coolies  who  picked  them  np  but  who  were  obliged^  in  eonse- 
quenee  of  their  coldness,  instantly  to  drop  them. 

The  specific  gravity  of  the  Trinity  College  specimen  was  found  as 
•  follows:*-* 

Weight  k  air   •  3335-4  grs. 

Wdght  in  water  2354*1  „ 

Sp.gr.  =  S'399. 

The  stone  is  grey,  close-grained,  and  splintery  in  fracture,  and  presents 
fewer  specks  of  metallic  iron  and  magnetic  pyrites  than  usual,  and  was 
coated  with  the  ordinary  black  pellicle  on  its  outer  side. 

From  100  grs.  acted  on  with  iodine,  which  disiolfed  the  aUoy  of  iron 
and  ntekel,  there  were  obtainedj  of  peroxide  of  Iron  9*85  grs.*  and  of 
protoxide  of  nickel  1*96  gr. 

The  portion  insoluble  in  iodine  was  next  acted  on  by  dilnte  mniiatie 
acid  and  evaporated  to  dryness  at  212P,  then  moistened  with  mniiatie 
acid  and  filtered*  by  which  process  it  was  divided  into  a  soluble  and 
insoluble  portion ;  the  portion  left  on  the  filter  was  boiled  with  carbonate 
of  soda,  so  as  to  dissolve  the  free  sflica,  which  was  found  to  be  18*95  gfs. 
This  was  added  to  the  portion  originaUj  soluble  in  muiiatb  acid*  so  as  to 
give  the  following  results : — 

grs. 

Silica   I8.95 

Alumina   0*14 

r  Present  originally  as 

Peroxide  of  iron   . . . , ,   14*  11 «{   protoxide  and  proto- 

t  sulphuret  of  iron. 

Carbonate  of  lime   none 

Pyrophosphate  of  n  ncrncsia  ....  5 1  -3 1 
Potash  and  soda  chlorides  ....  0'30 
Platino-chloride  of  j)otassium  . .  0*20 
Oxide  of  manganese  (Mn,  O4)  . ,  0*66 

On  treating  another  100  grs.  of  the  meteorite  for  lulphur,  by  boiliqg  in 
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muriatic  acid,  and  condtictin^  the  sulphuretted  hydrogen  into  an  am mo- 
nuical  solution  of  sulpliiite  ot"  copper,  so  as  to  form  a  black  precipitate  of 
sulphuret  of  copper,  there  were  found  by  tbe  usual  methods  14  8  gra.  of 
sulphate  of  harytes. 

There  were  lefl,  after  tr(  nLnitaL  with  iodine,  muriatic  acid,  and  carbonate 
of\su(!a,  38'3  grs.  of  the  100  grs.  originally  acted  upon. 

l  i  c;m  the  foregoing  facta,  we  readilj  obtain— from  treatment  witb  iodine 
and  fur  huiphur^ 

Perojoaeoftroii  ...          9'a5  0*8ti|  iro^ 

Protoiide  of  nickel  ....    l*9tf  . « ^ .  ^    1*54  nickel 

Sttlplwteof  barytes        14*80    5*61  protofiilpliiiKl  of  iton. 

Hence  we  find,  as  the  primar/  analysis  of  the  meteorite — 

I*  Primary  AnalysU. 

1 .  Metallic  iron  ^ ,.   0*88 

2.  Metallic  nickel.   ,   1«54 

3.  Magnetic  pyrites   5-61 

4.  Earthy  mineral  (soluble)   47*67 

5.  £artlij  mineral  (iusoluUe)  36*30 

  100-00 

The  results  of  the  analysis  of  the  Soluble  portion  (considering  that  5*61 
Of  PcS  is  equivalent  to  6;10.of.Fe,O,Xgi?e  the  IbUowing:-- 

II.  EarUiy  Mineral  (wlubU). 

gra*  per  oant  O^gen. 

1.  Siliea    18*95  ....  39*75  ....  20*637 

3.  Ahiniimi   0*14  ....     0*29  ....  0*135 

3.  Protoxide nf Iron....   8*10  ....  16*99  ....  3*76? 

4.  Protoxide  of  itttngnicie  0*66  ....     1*38  ....  0'30& 

5.  Lune   none  ....  -  «...   

6.  Magnewa   18*34  ....  38*47  ....  15*374 

7.  Potash  0*04  ....     010    0016 

8.  Soda    013  ....  0*58  ....  0*071 

9.  Losa    1*31  ....  2*74 


47*67  100  00  40-309 

Adding  together  the  oxjgen  of  the  protoxidea,  we  find — 

BO   19*537 

KO.   *  20*772 

A1,0.   0*135  J  ^^'^ 

From  the  preceding  result,  it  is  erideut  that  the  soluble  mineral  in  this 

▼OL.  XV.  '  T 
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meteorite  is  chrysoUtb,  or  the  silicate  of  magnesia  and  iron  represented  by 
the  formula 

3110,  SiO,; 

in  which  magnesia  preponderates  greftflj  OTer  the  iron. 

l%e  38*3  gn.  of  mlneiil,  inaoluble  in  muriatic  acid  and  in  carbonate  of 
aoda,  were  now  divided  into  two  equal  portions,  of  which  one  was  flnied 
with  carbonates  of  soda  and  potash,  and  the  other  with  lime  and  diloride 
of  ammoninm — ^with  the  foUowing  ccsultB : — 

gra. 

Silica   10  85 

Alumina  «   0*23 

Peroxide  of  iron   »   2*5 1 

Oxide  of  manganese  (Mn,  O)    0*30 

Oxide  of  clirome  (Cr,  O.)   1-42 

Carbonate  of  lime  «  •....•.,«•  none 

Pyrophosphate  of  magnesia   11*50 

PotasVi  and  buda  chlorides  •«.•••••'••«•*••  0*30 

Piatiao-chloride  of  potassium.    0*50 

Assnnung  the  chrome  to  he  present  as  ehrome-iront 

FeO,Cr,0^ 

we  find  gva. 

Original  wdght  «   19*15 

Chrome-iron   2-08 


Earthy  insoluble.   17*07 

If  we  now  omit  the  chrome-iron  and  make  the  necessary  redactioos  in 
the  forcing  results,  we  obtain — 

,  III.  £arthy  Mineral  {insoluble.)  .  . 


Alumina  

Protoxide  of  iron  .... 
Protoxide  of  mangauebe 
Lime  . . . . •  


Soda  . 
Potash 
[Gam]. 


gn. 

per  cent. 

Oxygen. 

10-85   

63-.56  .... 

33*000 

0  23    •  •  •  • 

1*34   

0-.>2.> 

1*60  .... 

9-37   

2078 

0-30   

1-75  .... 

0*392 

none  .... 

•  •  •  • 

413  .... 

24-19  .... 

9*666 

0  08  •  

0*47 

0*119 

0*09  .... 

0-52  .... 

0*087 

[0-21]  .... 

[1-20]  .... 

1707 

10000 

45*867 

The  oxygen  of  the  protoxides  of  the  preceding  analysis  amoimts  to 
12*342  per  cent.,  but  it  would  be  fidlacious  to  form  any  opinion  as  to  the 
composition  of  the  whole,  so  bng  as  we  are  not  acquainted  with  the  con- 
stituent minerab  that  compose  it. 
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CoUactiag  together  into  one  mw  thepraeedtng  Fesolta^  we  find— 
IV.  Mmendoffieal  CompotUUm     tke  mwrmtaUm  Meteorite. 

1.  Nickel-iron  8*42  I 

iNickel  1-54 

2.  Protosulphuret  Df  iron    5*61 

3.  Chrome- iron  *   4*]5 

4.  Chrysolith  {peridot  or  olivine)  47*67 

5.  Minenb  uiaolable  in  muriatic  Jicid  34*14 

10000 

I  shall  here  add,  for  tlie  purpose  of  comparison,  the  Ksolto  of  my  eoa- 
lysis  of  the  meteoric  stone  that  fell  at  Dundnim,  co.  Tipperair,  at  7  p.x. 
of  the  12th  AuguBl.  1865, 

t 

Ihauinm  Meteorite^ 
gr   3*066  to  3*570. 

I.  MiMrtdoffical  Compoiilion, 
.  1.  Niekel*iron   20-60 

I  Nickel  103 

2.  Suljjliur-iron  ,   4*05 

3.  Chrome-iron   I'oO 

A.  Chrysolith    33*08 

5.  Earthy  minerals  insoluble  in  mu- 
riatic acid    40*77 


100*00 


II.  OimmeeA  CoH^^oeUiom  of  ike  ChyeMk. 

Silka   38-74    38*86 

Alumina   0*45  ........ 

Ph>tondeof  iron   lO'/SS    19*74 

Protoxide  of  manganese. .  0*15     

Lime   0*84    0*72 

MagFieeia   40*93    36*85 

PoCiflh  ....1   0*51    0*47 

Soda   0*24    0*22 

Lms    1-59    3*14 


10000  100  00 

e  Hw  quantitj  ef  durome  found  in  this  nie(eorit«  is  tmusually  large,  being  repre- 
tented  Iqr  2*84  per  eent  of  Or^O^t  end  lij  4*16  per  eent  of  I^OiCr^p,;  jet  it  is  not 
without  preoodent,  for  in  the  meteoric  stono  that  fell  at  Nobleborongfap  Xaineb  U.S.  A. 
on  the  Till  of  Aqgeet»  1828^  Webster  fimnd  4  per  eent^  of  Or,0^ 

t2 
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111.  Ckmk^  CmiyMi/tM  o/tAt  Emrtky  insoluble  Minerait. 


SilHsa   61-33 

AlmniiiA   1*72 

Protoxide  of  iron   6*06 

Protoxide  of  niMiganese   0*78 

lilDie      ••••                         mm   m  •-*  ••<••'•  3^/) 

Magnesia   22*02 

Soda    1-38 

Potash   0  83 

Loss.   1-89 


100  uo 

III.  "On  the  Preparation  of  Ethylainine."  By  J.  Alfred  Wanrlyn, 
and  KivNEsT  T.  Chapman.  Couiuiunicated  by  Dr.  Feankiano. 
lieceivcd  June  8,  1866. 

Ilaving  recently  bad  occasion  to  prepare  a  consideiable  quantity  of 
ethylamine,  we  hare  made  the  obscnration  that  this  base  nay  be  obtdned 
with  much  greater  facility  than  is  usually  believed. 

We  digested  together  equal  volumes  of  iodide  of  ethyl,  strong  alcohol, 

and  aqueous  ammonia.  The  digestion  ^\:\^  cnrncd  on  at  n  Tcry  moderate 
temperature,  certjiinly  not  cxrcidinL:;  SO  ,  hut  the  tubes  \vcm'c  cnnstnntly 
agitated.  In  this  mntinrr  tliu  rr.ii  tion  ij>  completed  in  about  halt  an  liour.  , 
The  mixed  iodides  thus  obtained  were  evaporated  to  expel  excess  of  am- 
monia, introduced  into  a  retort ;  enough  putaj-h  was  ackkd  to  neutralize 
of  the  iodine  present,  niid  the  mixture  was  distilled  into  dilute  hydrocldoric 
acid.  The  receiver  was  then  changed,  the  same  quantity  of  potash  again 
added,  and  the  products  collected  as  before.  Tlien  six  times  as  much 
potash  was  added,  and  the  products  collected.  The  remaining  two-tenths 
of  the  potjish  were  added  separately. 

Portions  of  each  of  tliese  fractions  were  couTerted  into  platinum  saks, 
and  the  amount  of  platinum  was  determined  by  ignition.  Each  of  the  first 
four  fmetions  aorresponding  to  -^r  (tf  the  total  bises  obtained,  gave  more 
platinum  than  corresponda  even  to  pure  eChylemiue,  and  therefore  con- 
tained ethylamine  and  ammonia.  Only  the  last  fraetion,  correspondbg  to 
^  of  the  entire  basqS)  §airc  a  lower  percentage  'of  •  platinum  than  corre- 
sponds to  ethylamine,  and  therefore  contained  the  di«  and  tri-basea. 

Subjoined  are  the  platinum  determinations  in  this  last  fraction 

I.  0-2133  grm.  gave  0-0830  Platinum 
11.  0-3590    „     „    0  1 382  „ 
or,  I.  Platinum  per  cent.    38*9 1 

II.       „         „     „  3S-o() 
Pt  CI,  N  C\  II5 11^  CI  contains  39  37  per  cent,  of  Pt. 
PtCl,N(C,H,),H,Clcontaina35  42    „  „ 
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From  which  \i  will  be  seen  that  even  the  last  tenth  of  the  bases  did  not 

contain  much  fii-  mid  tri-lmses. 

The  former  -^-^  gave,  as  aforej^ald,  ratlier  more  piatiaum  than  cthjlamiae 
salt  yields,  ant^  therefore  contained  ammonia. 

In  order  to  make  out  wbctlur  there  was  any  di-  and  tri-base  along  with 
the  etbylamine  in  these  former  fractions,  we  took  No.  3  (corresponding 
to  -y*-)  nnd  mndp  n  platinum-tractiuuation  as  follows:— 

No.  3  gave  10  ()2  and  1013  percent,  of  platinum.  No.  3,  after  some 
pure  chloride  of  annnonium  had  crystallized  out  (the  crystals  were  analyzed 
and  proved  to  be  quite  pure  chloride  of  ammonium ),  was  conrerted  into  a 
platiimia-balt,  and  tiiat  platinnm-salt  fractionated  m  to  leave  the  portion 
richest  in  the  high  bases.  Tliis  salt,  which  would  he  rich  in  the  di-  and 
tri-bases  if  any  had  been  present  in  No.  ^,  gave  tliis  result: — 

*7666  gnu.  gBTe  '3090  grm.  of  platinum=:Ft  per  cent.  40*03. 

From  whicfa  It  is  numiftst  that  di-  and  tri-beeeB  were  absent. 

From  the  foregoing  we  concluded  that  all  the  higher  baeeswere  concent 
trated  in  the  hut  fraction^  bnt  that  ammonia  passed  ofer  during  the  whole 
distillation.  The  objection  might  therefore  be  made  that  nuitores  of  am- 
monia «nd  di*  and  tri-ethylamtnes  would  give  the  stene  numben.  In 
order  to  deprive  this  objection  of  its  force  we  made  the  IbUowing  experi- 
ments. Iodide  of  ethyl,  alcohol,  and  ammonia  were  digested  as  before^  and 
the  mixed  iodides  so  obtained  distilled  ftom  excess  of  potash,  the  vapour 
thus  obtained  absorbed  by  dilute  snlpharic  add,  care  being  taken  that  the 
acid  was  not  in  excess.  The  fluid  so  obtained  was  rendered  very  slightly 
add  with  the  same  add,  and  then  evaporated  on  the  waterwbath.  The 
semisolid  residue  was  treated  with  strong  alcohol,  and  allowed  to  stand  one 
night.  It  was  then  filtered,  the  filtrate  measured,  and  the  amount  of  sul- 
phuric acid  determined  in  a  measured  portion.  Enough  K  H  O  was  then 
added  to  the  alcoholic  liquid  to  liberate  of  t!ic  bases  present.  The  pot- 
ash was  added  in  solution  in  water.  The  liquid  was  then  distilled,  the 
distillate  being  received  in  dilute  hydrochloric  acid.  A  portion  of  this 
lt([uid  was  then  evaporated  to  dryness  and  placed  over  sulphuric  add.  lU 
percentage  of  chlorine  was  then  determined : 

•3826  of  salt  gave         Ag  CI ; 

43-29  per  cent.  CI.   Theory  43*55.  • 

From  these  numbers  it  is  obvious  that  the  substance  must  have  been  pure 
ethylamine.  It  could  have  contained  no  ammonia,  or  at  most  only  minute 
traces,  and  therefore  the  above  objection  is  completely  disposed  of. 

A  portion  of  this  pure  hydrochlorate  of  ethylamine  was  then  treated 
with  aqueous  ammonia  in  insufficieut  quantity  to  combine  with  the  whole 
of  the  hydrochloric  acid  present.  We  di.>tilled  this  liquid  into  dilute 
hy<lrocld()ric  atdd,  cvaporiitcd  it  to  dryness,  and  determined  the  axooimt  of 
chlorine  present  m  the  residue.    The  result  was ; — 


Digitized  by  Google 


ft20  Mr.  A.  MatlhieBten  mi  ike  S$epai^tum  6y      [June  21; 

•4d28  of  salt  gave  I  *3155  Ag  CI ;     59*94  per  eent.  CI. 
Chloride  of  ammomum  woald  give  66*33  „ 

Chloride  of  ethyUmuiM.  I  43*55  „ 

From  these  numbers  it  appeari  tliat  ammonia  is  capable  of  partially  ex* 
pelling  etibjlainuie  from  its  compounds,  and  thua  we  have  an  explanation 
of  the  apparent  anomalj  of  the  appearance  of  ammonia  with  the  eUiylamioe 
in  the  above-deaeribed  experiments.  It  appears  therefoie  that  pure  ethyl* 
amine  may  be  readily  obtained  in  the  following  manner.  Equal  volumes 
of  iodide  of  ethyl,  strong  alcohol  and  ammonia  are  to  be  digested  together 
for  about  half  an  hour,  at  a  temperature  somewhat  below  that  of  boiling 
water,  with  continual  shaking ;  the  product  of  this  operation  boiled  to 
expel  excess  of  ammonia,  and  thrn  distilled  from  pntn?h — the  distillaty 
beinp;  received  into  dilute  Piilphuric  ncid,  the  ftitmioiiia  separated  \>y  means 
of  alcoiiol,  and  the  alcoholic  solution  of  the  mixed  sulphates  treated  with 
suflicient  potash  to  liberate  about  of  the  bases  present.  On  distilling 
this  mixture,  pure  ethylaniine,  acconipaiiied  with  alcohol  and  water,  are 
the  sole  products  found  in  the  distillate. 

IV.  "On  the  Expan.sion  by  Heat  of  Metals  and  Alloys.** 
By  A.  Matthi£88EN,  F.R.S.    Received  June  14^  1866. 

(Abstnct.) 

In  a  paper  "On  ihe  Expanaion  by  Heat  of  Water  and  Meienry*'*,  n 
method  of  determining  the  expanaion  of  bodies  ia  deaeribed,  by  which 
good  reaulte  can  be  obtahicd  with  comparatiTely  email  qnantltiea  of  the 
substancea  to  be  experimented  with.  Thia  method*  that  of  wcig^itng  the 
body  in  water  at  different  temperatures,  has  been  employed  for  the  preaent 
reaeaidu  The  reanlta  obtained  are  gifen  in  the  following  Tablea 

Table  I.'-— Formnlae  for  the  Correction  of  the  Cubical  Expaosiou  by  Ueat 


of  the  Metals. 

Cadmium   V,= V„  (1  + 10"*  x  0-8078^ -f  lO-"  x  0140r)t. 

Zinc   V»=Vo  (1  +  10-*  X  0-8222^  +  10-''  x  0  07UG<»). 

Lead   V,=:  V,  (1  +  1  n-^  x  0-8177f -}- 10-«  x  0-0222<*). 

Tin    V,  =  Y,(1+ ln-'x0-fil0u^  +  l<»-*'x0-0789<»). 

Silver    V,  =  V„(1  i-i*r'x<>;'i42(;/  +  10-«xO-04(W). 

Copper   V,  =  V^  (1  + 10-*  X  0-4403/ +10-"  X  0'0r)5.5f*>. 

Gold   V„  (1  + 10-*  X  0-4075^ +10-'  x  uv.mt). 

Bismuth    V,  =  V^(l  +  10-*  x  0-35U2<4- lO""  x  0-0446O. 

Palladium   V,=V„(l4-10-*  x  0-3032<+ 10-"  x  00280t'). 

Antimony   V,= V,  (1  + 10"*  x  0-2770/  + 10  "  x  00397O. 

Phitinum   V,=V^(l  +  10-*x0-2554<  +  10-'x00104<^). 


»  Phil.  Tranii.  1866,  part  1. 

t  I  haTeeoftployad  this  msthod  of  writing  the  formnhs  to  praivnt  mtt^ilm  in  the 
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Table  II. — Formulae  for  the  Correction  of  the  Linear  Expanskm  by  Heat 

oftbeMetals* 

CadmiuiD  L»«L«  (1 + 10-«  x  0-26931+      x  0-a466<^. 

Zinc  L,=I^  (1 + 10-*  X  0-2741*+ 10-«  x  0-0284<»). 

Letd  L,=L„(l+10-*xO-2726l+10-*x00074lO. 

Tin   L,=L„(l  +  10-*xO-2038*+ia^xO-02e3<^. 

Silver   L,=L^(l  +  10-*x0  1800^-f  10-«x0-0135i^). 

Ck)pper  L,«L,  (1  + 10"*  x  0-148K  +  lO""  x  (>0185«»). 

*      Gold   L,=L«,(l-|-10-*xO-1358i+10-«xO-0112f^). 

Bismuth   L^=:Lo(l  +  10-*xO-1107<+10-''xO  0149<^). 

Palladiam-  L,=L„(l  +  10-*x0-101U+10-«x00093O. 

Antimonj  LtaL^(l+ 10^  x0-0923«+10'-*x  0-01321^). ' 

Platinum  Ii»sL,(l+10-'x00860l+10-«xO-0085l>). 


Tablb  III. — Fonnuln  for  the  Correction  of  the  Cubical  Espamnon  by 

Heat  of  the  Alloys. 

Sn.Pb  :V,=V,(l-hl0-*x0-G200<-hl0-'x0'0988O.  • 
Pb,  Sn  :  V,= V,  (1  +  lO"'  x  (>-s087<  + 10"'  X  0-0a32e='). 
Cd  Pb  :  V,= V, (1  + 10-*  X  U  UU05<+ 10-"  X  0-01  S.'V). 
Sn,  Zn  :  V,= V„  (1  + 10"*  X  0-6377f -f  lO"*  X  0-0B07O. 
SOgZu  :V,-V,(l+10*^x0-62a6<+10-*x0a822«»). 

B?«8n  !V,«V.(l+10-*x0-8783#+10-«x00271O. 
Bi  Sn,  I V,- V,  (1 +10-*  X  0-4997t+10-*  x  O  OlOlf ). 
Bi^  Pb :  V.«V,  (1 +10-*  X  0-3868#+10-«  x  0'0218l*). 
BiPb,  :V,=V,(1  + 10-*  X  0-84621+ 10-»x0-0169O. 
Cn+Zn  (71  p.  c.  Cu) :  V        (1  + 10  '  x  U-516K  +  lO"'  x  0-0558<»). 

AuSn,   V,=V,(l  +  10-*x0-3944«  +  10-^x0028yO- 

Au.Sn,  V,-V.(l  +  10-*x0-416o<+10-*x0-026a«»). 

Ag^Au  V,=V,(l  +  10-*xO-51660. 

AgAtt   V,=V,  (1  + 10-*  X  0-4916). 

AgAu.  V,=:V,(1+10-*X0-3U6  +10-'x01186<"). 
Ag+Pt  (66-6 p.c. Ag)  V,-V.(l+lO-*xO-4246l+10-*xO-0a22l*). 
An+Cu  (66-6  p.  c.  Au)  V,  (1+10-*  X  0-4016«+  lO"*  x  0-0642<»). 
Ag+ Au  (361  p.  c.  Ag)  V,  =  V,  (l+10-*x0-4884#+10--x0-0662O. 
Ag+ Au  (71  -C  p.  c.  Ag)  V,= V,  (1  + 10-*  x  0-4413<  + 10-'  x  OOISO^. 


number  of  the  zero?.  I  hnre  niso  preferred  keeping  tin*  e^jxiTients  ooiiiUait»  addingi 
instead  of  altering  tbem,  a  xero  after  the  deoimal  point  when  required. 


Digitized  by  Gopgle 


Sl^S     On  the  E^qmnmn  by  Heat  ofMeUda  ind  Alloys.     [June  21, 

Tabls  iy«**FoniiiibB  for  the  Comdion  of  tho  lincir  Expaasioa  bf 

H^of  the  Alloys. 

Sn.Pb  Le=L,(lH-10-*xO-20r)m-f  10-^xO-032D/'). 

'  Pb.Sn  L,=L„(l  +  10-*x0-269Ce-fl0-«x0  0111O. 

CdPb  L,-I^(H-10-*xO'3002«+10-»x00044<«). 

8D«Zn  I^*»I^(l+10-*x0'2126«+10-»x0'02691O. 
Su,Za  L,«Lo(l+10'*xO-207«l+10-»xOa274««> 

Bi,,  Sn  L, = L,  ( 1 + 10-*  X  01264#f  lO"'  X  0  00900. 

Bi  Sn,      =  L,  (1  + 10-*  X  0-1666i  f  10-«  x  0-0034<»). 
Bi„  Vh       L,  (1  + 10-*  X  0-1293  +  lu    x  0  U073x='). 
BiPb,  L,=L,  (1-1- 10-^x0-2821  + 1 0-"  x  0-OO.W) 
Cm+Zb  (71  p.  c.  Cu)  ht^\{\  + 10-^  X  0- 1720<+10-*  x  0  Oi isfif^). 

Au  Sn,  L«  =  (1  + 10-*  X  0- 1315< + 10-«  x  0  0090f ). 
All,  Sn,  I^-  L.  (1 + 10-*  X  01388*  + 10~»  x  00088O* 
AgAn  I*-I^(l+10-*x0-1722e). 

AgAQ  I^«Lo(H-10-*x0-1838l). 

Ag  Au,  L,  =  L„  (1 +10-*  X  0-1038*+10-«  X  0  0395I*). 

Ag+  rt  (66-6  p.  c.  Ag)  L«=  L,  (1  -|- 10'* x 01415i+  lO"* x  O-OIOT^'). 
Au  +  Cu  (C6-6  p.  c.  Au)  L,(l  +  10-*  x  u-l.i3Sf-|- 10-'^  x  0'0214O. 
Ag-}-  Cu  (36- !  p.  e.  A|r)  L,= L„ (1  -1- 10"*  x 0-1628^  +  lO"'  x  0-0182<'). 
Ag+ Ctt  (7  i  -6  p.  c.  Ag)  1^- (1  + 10-*  X  01471t+  lO""  x  OO^SS*'). 

F^m  the  above  tbe  followiag  condiirion  is  drawn — iiamely»  that  just  aa 
it  maj  be  iatd  that  the  tptei/te  ^rwnhf  of  an  alloy  i$  apprommately  equal 
to  the  mom  tpecifie  yrmoiHoo  of  tko  componemi  mtial$,  to  alao  iVoni  the 
foregoing  we  may  dednce  that  the  eo&Mie  mhiok  «»  alloy  wilt  oeoofiy  ot 
mtny  toa^urmiure  bHwoen  oad  IQff  U  opprotkMefy  epuU  to  tke  moom  of 
tko  oobamei  of  tkt  eoo^ononi  motalo  at  tko  oamo  tmperaturOf  or,  m  other 
wordi^  tko  eahieal  or  linoar  ooofieUnio  of  expamum  hy  heat  of  an  alloy 
ietMfeea  (P  and  100°  are  apprOximatdy  eqwd  to  the  moon  of  tko  euUeal 
or  Umot  co^fdmto  oftspanmm  hy  keat  ^ftke  oowy^oamU  motalt, 

V.  "  On  the  ColouriDg  and  Extraction  Matters  of  the  Urine. — Part 
II."   B/  Kdward  Scuunck,  Received  June  20»  1866. 

See  abitnct,  mUe^  p.  I. 
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y(  ''On  the  Absorption  and  Diaiytic  Separation  of  Gases  by  Colloid 
I  Septa.''  By  Thokas  Gbabam^  Master  of  the  Mint. 

'  Received  Jim^  20^  1866. 

(Abstract.) 

It  appears  that  a  thin  film  of  caoutchouc^  such  as  is  fbniished  by  Tar- 
nished silk  or  the  transparent  little  bslloons  of  indisprnbber»  has  no  poro- 
sity, snd  is  really  imperrious  to  air  as  gas.  But  the  same  61m  is  capable  of 
liquefying  the  individual  gases  of  which  air  is  composed,  while  oxygen  and 
nitrogen,  in  the  liquid  form,  are  capable  of  penetfating  the  substance  of  the 
membrane  (as  ether  or  naphtha  do),  and  may  again  evaporate  into  a 
vacuum  and  appear  as  gases.  This  penetratuig  power  of  air  becomes 
more  interesting  from  the  fact  that  the  gases  are  unequally  absorbed  and 
condensed  by  rubber,  oxygen  2^  times  more  abundantly  than  nitrogen,  and' 
that  they  penetrate  the  rubber  in  the  same  j)roportion.  Hence  the  rubber- 
film  ninv  ))e  n^ed  as  n  diulytic  sieve  for  atmospheric  air,  and  allows  very 
constantly  per  cent,  of  oxygen  to  pnss  tlirout;h,  instead  of  the  1^1  per 
cent,  usually  ]>re^ent  in  air.  The  septum  keeps  back,  in  fact,  onr-linlf  of 
the  iiitfi  gen,  and  allows  the  other  half  to  pass  through  with  all  tin;  oxvgeu. 
This  dialysed  air  Tckuullt  s  wood  burning;  wit  hunt  flame,  and  is,  in  fact, 
e\a(  tly  intermediate  between  air  and  pure  oxygen  gas  in  relation  to  com- 
bustion. 

One  side  of  the  rubber-film  must  l>e  freely  exposed  to  the  atmosphere, 
and  the  other  side  be  under  the  influence  of  ;i  vacuum  at  the  same  time. 
The  vacuum  tuay  be  established  within  a  bag  of  varnished  silk,  or  in  a 
little  balloon,  the  sides  being  preveuted  from  collapsing,  by  interposing 
a  thickness  of  felted  carpeting  between  the  sides  of  the  varnished  cloth, 
and  by  filling  the  balloon  with  sifted  sawdust.  For  commanding  a 
Tseunm  in  sndi  eaperiments,  the  air-exhauster  of  Dr.  Hermann  Spiengel* 
is  admiiably  adiqited.  It  poames  the  advantage  that  the  gas  drawn  ftom 
the  vacuum  can  also  be  delivered  by  the  instrument  into  a  gas-receiver 
placed  over  water  or  mercury.  The  **  iaU-tube"  has  merely  to  be  bent  at 
the  lower  end. 

The  surprising  penetration  of  platinum  and  iron  tubes  by  hydrogen  gas, 
discovered  by  MM.  H.  Sainte^Claire  Deville  and  Troost,  appears  to  be  con- 
nected with  a  power  resident  in  the  same  and  certain  other  metals*  to 
Uquefy  and  absorb  hydrogen,  possibly  in  its  character  as  a  metallic  vapour. 
Platbum,  in  the  form  of  wire  or  plate,  at  a  low  red  best  may  take  up  and 
hold  3*6  volumes  of  hydrogen^  measured  cold ;  but  it  is  by  palladium  that 
the  property  in  question  appears  to  be  possessed  in  the  highest  degree. 
Palladium  foil  from  the  hammered  metal,  condensed  so  much  as  643  times 
its  volume  of  hydrogen,  at  a  temperature  under  100°  C.  The  same  metal 
had  not  the  slightest  absorbent  power  for  either  oxygen  or  nitrogen.  The 
capacity  of  fused  palladium  (as  also  of  fused  platinum)  is  considerably 
•  Chnucal  floeutj'a  Journal,  Mr.  2,  vol  iii.  p.  9  (1666). 

VOL.  XV.  V 
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reduced ;  but  foil  of  fused  palladium,  for  which  I  am  indebted  to  Mr.  G. 
Matthey,  still  absorbed  68  volumes  of  gas.  A  cortaio  degree  of  poroj^ity 
may  be  admitted  to  exist  in  these  metals,  and  to  the  greatest  extent  in 
their  hammered  condition.  It  is  believed  that  such  metallic  porc.%  and 
indeed  all  fine  pores,  are  more  accessible  to  liquids  than  to  ^ses,  nnrl  in 
particular  to  liquid  hydrogen.  Hence  a  peculiar  dialytic  action  may  reside 
in  certfiiii  :netallic  septa,  like  a  plate  of  platinum,  euabliug  them  to  sepa- 
rate hydrogen  from  other  gases. 

In  the  form  of  sponge,  platinum  absorbed  1*48  times  its  volume  of 
hydrogen  and  pnlladium  90  volumes.  The  former  of  these  metals,  in  the 
peculiar  condiiiun  of  platinum-black,  is  already  known  to  take  up  several 
hundred  volumes  of  the  pnme  gas.  The  assumed  liquefaction  of  hydrogen 
in  such  circumstances  appears  to  be  the  primary  condition  of  its  oxidation 
at  a  low  tcmj)erature.  A  repellent  property  possessed  by  gaseous  mole- 
cules appears  to  resist  chemical  combination,  as  well  as  to  establibh  a  limit 
to  their  power  to  enter  the  luiuiiter  pores  of  solid  bodies. 

Carbonic  oxide  is  taken  up  more  largely  than  hydrogen  by  soft  iron. 
Such  an  occlusion  of  carbonic  oxide  by  iron,  at  a  low  red  heat,  appean  to 
be  the  first  and  a  necessary  step  in  the  process  of  aderation.  The  gps 
appears  to  abandon  half  its  osrbon  to  the  iron,  when  the  temperatore  is 
afterwards  raised  to  a  oonsideiably  higher  degree. 

Silver  has  a  similar  relation  to  oiygen,  of  which  metal  the  sponge,  fritted 
but  not  fused,  was  found  to  hold  in  one  case  so  much  as  7*49  Tolumes  of 
oxygen.  A  plate  or  wire  of  the  fused  metal  retains  the  same  property,  but 
much  reduced  in  intensity,  as  with  plates  of  fused  platinum  and  palladinni 
in  their  relation  to  hydrogen, 

VII.  "Notcb  oil  the  Rearing  of  Taenia  echmococcus  in  the  Dog,  from 
Hydatids,  with  some  Observations  on  the  Auaton)y  of  the 
Adult  Worm."  By  Edward  Nettleship,  Mem.  Royal  Agric. 
Coll.  Communicated  by  T.  Sfenceb,  CobbolDj  M.D.  Re- 
ceived May  24,  1866. 

•  On  March  28th,  1866, 1  obtained  from  Clara  Market  the  liver  and 
longs  of  a  sheep  containing  numerous  Echinococeus  hydatids ;  in  some 
the  outer  cyst  wss  partly  calcified,  bat  all  the  hydatids  contained  dear 
fluid,  and  great  numbers  of  scolioes  attached  to  the  endocyst.  Within  two 
hours  of  the  death  of  the  sheep  to  whidi  the  ofgans  belonged,  I  gave  two 
or  three  of  the  smaller  hydatids  to  a  young  dog,  about  ^dx  months  old; 
first  puncturing  the  hydatid  and  administering  the  oolbpsed  cyst,  and  then 
making  him  drink  the  fluid  of  the  cyst,  in  which  some  Echinoeocci  were 
floating. 

The  next  day  I  gave  him  a  second  feeding  of  the  remaining  hydatids  ; 
this  second  batch  he  threw  up  within  half  an  hour  of  the  feeding,:;,but  he 
afterwards  swallowed  the  broken  membranes  again,  and  did  not  afterwards 
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Tomit.  I  was  careful  to  admiiuflter  the  hydatids  from  both  calcified  and 
non- calcified  cvsts. 

The  animal  remained  perfectly  Lialthy,  and  became  very  much  fatter; 
he  was  fed  for  the  most  part  on  cooki  1  kitchen  refuse,  but  1  caimot  be 
positiTe  that  he  never  obtained  any  raw  fooil. 

Od  May  I5th  (the  forty-seveuth  day  after  the  first  lieding)  I  killed 
the  aniinal,  and  eiamined  the  intestines.  In  the  first  ten  inches  of  bowel 
below  the  pylonu  there  were  no  TainisB ;  at  that  distance  a  single  Teenia 
eMweoeau  appeared,  itmmg  actively ;  for  the  next  two  or  three  inches 
there  ware  none,  but  at  abont  fourteen  incbea  bebw  the  pylorus  several 
more  appeared,  and  immediately  after  this  they  became  so  numerous  as  to 
present  almost  the  appearance  of  distended  lactcaki  thb  contintted  for 
abont  a  foot  in  extent,  and  then  they  gradually  became  less  numerous, 
and  ceased  aft  abont  three  feet  from  the  pyloric  orifice. 

There  were  also  four  specimens  of  T,  margiMtm,  varying  from  two  to 
three  feet  in  length,  and  two  of  ST.  eueiiawnNa. 

The  part  of  the  intestine  contaming  T,  echinocoMu  was  immediately 
put  into  dilute  carbolic  acid,  and  the  worms  not  examined  until  two  days 
snbaequently ;  after  that  interval  they  were  still  tolerably  adherent  to  the 
mucous  membrane,  though  a  good  many  had  fallen  off.  On  detaching 
them  with  needles,  or  examinmg  those  which  had  fallen  off,  nearly  all  were 
found  to  be  quite  destitute  of  hooks ;  but  one  (from  which  the  outline 
sketch,  Plate  VIII«  fig.  1,  was  taken)  had  a  tolerably  complete  double  row ; 
in  this  specimen,  however,  the  hooks  and  proboscis  were  inverted,  while  in 
most  specimens  the  latter  part  was  protruded. 

In  fig.  2  is  a  single  hook  of  T.  ecAinoeoeeU9,  probably  from  the  poS' 
tenor  circlet,  ma;>;nified  more  highly. 

Fig.  3  shows  at  a,  a  hook  of  the  posterior  circlet,  and  at  b,  one  from 
the  anterior  circlet  of  an  Echinococcm-acolex  from  an  ox,  Thtre  seems 
very  little  difference  between  corresponding  hooks  of  the  scolex  and  of 
the  adult  tapeworm,  unless  the  latter  be  rather  stouter  and  have  larger 
processes. 

On  T^th  of  a  square  inch,  where  the  worms  were  tliii  krsf,  I  counted 
tweuty-five  of  them  ;  by  calculation  there  were  about  twenty-two  square 
inches  of  intestine  covered  in  this  way,  allowing  for  the  more  thinly  scat- 
tered parts  at  each  end  of  the  infected  part ;  this  gives  a  total  of  8800 
specimens  of  T.  echinococcus  in  this  dog's  bowel. 

I  have  examined  carefully  numerous  specimens  of  these  worms  with 
the  microscope,  with  especial  reference  to  the  arrangement  of  the  sexual 
organs  \  the  great  majority  are  sexually  mature,  and  contain  a  greater  or 
lesB  nomber  of  eggs.  It  ia  not  easy  to  make  out  accurately  the  arrange- 
ment and  connexions  of  the  ovary,  yelk-forming  glands,  and  ntems,  as 
described  by  Leuckart*,  but  fig.  4  gives  a  tolerably  correct  representation, 
in  the  3fd  (inunature)  segment. 

*  Vide  Cobbold,  "  SittoMm"  p.  m 

u  i: 
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At  a  is  the  vagina,  continued  as  an  indbtinct  tube  to  b,  whidi  I  tnppoie 
to  be  the  seminal  vesicle  ;  immediately  beyond  this  is  a  dark  maM  (o)  con- 
taining spherical,  highly  refractive  bodies ;  this  is  the  ovary.  On  either 
side  and  in  front  of  thk  are  the  yelk-forming  glands  (e),  two  somewhat 
indefiniie  lobular  organs  apparently  communicating  with  tlie  vagina  in 
fi'ont  of  the  seminal  vesicle.  At  c  and  d  are  the  globular  testicles;  /is 
the  rudimentary  vas  deferens.  Running  forwards  from  the  vagina  is  another 
narrower  tube  g,  which  passes  quite  to  the  anterior  end  of  the  segment, 
where  it  becomes  at  first  slightly  dilated  (fig.  5,  u'),  and  afterwards  en- 
larged into  the  head  of  the  uterus  ;  a  Inrcre  s]ihcncal  ?ne  full  of  ova  is 
readily  seen  with  the  naked  eye  in  many  sexually  mature  segments  (fig. 
4,  t'/.)'  The  greater  part  of  the  body  of  this  tube  nl?o  becomes  (  ularged 
into  the  uterus'  fig;.  but  I  think  that  the  hiii  ler  part  continues 
tubular,  and  prohablv  coi ist if u tc5  the  "  wide  cavity*'  kalini,^  from  vafnna 
to  uterus,  described  by  Ltut  kui  t.  In  fig.  5  there  is  some  ap])earaiice  of 
this  tube  continued  backwards  trom  u  (a,  fig.  5),  but  I  cannot  follow  it  to 
any  cojimniuication  with  the  vae^ina  (w.).  The  same  is  true  in  this  specimen 
of  the  u\  ary  (oi'.)  and  seminal  pouth  {f^.p-)-  The  vitelligene  glands  {e,  fig.  4) 
have  disappeared  in  fig.  5,  and  the  ovary  has  become  less  distinct,  but  the 
seminal  jiouch  has  developed  somewhat,  while  in  fig.  G,  taken  from  a 
sexually  mature  segment,  the  latter  organ  is  still  plainer  ;  the  canal  ui  the 
vagina  has  elongated,  and  shows  besides  the  seminal  pouch  a  smaller  dila- 
tation (cr,  fig.  6)  nearer  the  orifice.  In  none  of  the  mature  segments 
have  I  heen  able  to  make  out  any  coammnkation  between  the  vagina  and 
uteras,  either  in  front  of  or  behind  the  seminal  pooeh. 

Although  Dr.  Cobbold  has  suoeeeded  in  rearing  a  varietur  of  tapeworms 
fnm  their  respective  larvss,  the  T<Kma  tMMeoecmM  has  not  hitherto  heen 
reared  in  this  country. 

The  importance  of  this  ere atuie  in  its  pathologlesi  lelationSk  and  the 
dcrideratum  of  more  information  as  to  its  anatomy,  have  induced  me  to 
place  the  foregoing  ftets  on  record*  In  conducting  the  investigation  I 
have  taken  every  precaution  to  prevent  the  escape  and  distribution  of  the 
ova  and  their  contained  prosoolioes* 

EXPLAfiAIION  OF  PLATE.— Fig.  5. 

m.  Vn^na.  a.  Tubo  (?)  iMdtngfitmi  aterustovagias* 

ov.  Ovarium.  t.  ieeticlea, 

«L  p.  Sominal  pouch.  «.  A»  Yas  doArais. 

%  u\  Utems  partly  developad.  Cinhns  pondk 

VIII.  "  Obsei^'ations  on  the  Ovum  of  Osseous  Fishes."  By  "W.  II. 
Ransom^  M.D.  Communicated  by  Dr.  Suarf£y.  lieceived 
June  21, 1866. 

(Al)stract.) 

In  this  ]>aper  the  author  lias  communicated  the  details  of  observations 
of  which  the  principal  results  were  stated  in  a  short  paper  pubiiahed  iu  the 
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Proceedings  of  the  Rojal  Society  in  1854,  aud  of  further  researches  on  the 
■tnicture  and  properties  of  the  egg  in  several  species  of  osseous  fishes. 
The  methods  employed  in  determining  the  functions  of  the  micropyle, 
and  in  conducting  the  Taiione  inqairies  entered  upon  are  deseiibed.  The 
derdopment  of  the  ovarian  onun  is  traced  in  two  spedcs  of  OoittrotUw^ 
and  the  yelk-see  is  ehowa  to*  inereeae  by  interstitial  growth,  and  not  hy 
apposition  of  layers  on  either  snrftce,  A  minute  description  of  the  ger- 
minal vesiele  and  its  eontenta  is  given,  and  the  germinal  spots  are  shown  to 
be  drops  of  a  thick  fluid  substance,  so  apt  to  change  their  normally  round 
form,  and  to  vaenolate  in  their  interior,  that  no  perfectly  indifferent  mecUum 
was  found  in  which  to  eiamine  them.  The  primitive  yelk  first  formed 
around  the  germinal  Tesicte  is  shown  to  differ  in  some  of  its  chemical  and 
physical  propertieB  from  that  of  the  ripe  ovum ;  it  is  solid,  and  does  not 
consist  of  two  distiagoishable  portions.  On  its  surftoe  a  yelk-sac  was  found 
in  very  early  ova,  but  in  the  smallest  eggs  ezanuned  it  could  not  be  sepsp 
fated. 

The  reactions  of  a  variety  of  albumen  allied  to  myosin,  which  the  author 
has  found  in  variable  proportions  in  the  yelk  of  all  the  fishes,  ain))hibiaa 
and  birds  which  he  has  examined,  are  described,  the  yelk  of  the  salmon 
beii^  selected  for  experiment.  This  substance,  to  which  the  name  albmnen 
C.  is  given  provisionally,  is  remarkable,  in  addition  to  its  being  easily  pre* 
dpitable  by  water  in  excess,  for  forming  under  certain  conditions  a  solution 
in  dilute  nitric  acid  not  coagulable  by  boiling. 

Some  account  is  rendered  of  the  reactions  of  an  acid  compound  of  phos- 
phoric acid  with  an  organic  substance  also  met  with  in  the  yelk  of  various 
animals. 

The  pheuonu  )ia  which  follow  impregnation  prior  to  the  o  niimencemcnt 
of  clcavag;e  arc  di  siribed,  and  are  shown  to  cliitlly  due  to  the  influence 
upon  the  yv\k  of  wairr  which  has  passed  through  the  yelk-sac. 

Some  variations  ^^hi(•h  occur  in  this  resf>ect  in  different  species  of 
osseous  liihus  are  described,  and  the  ova  ot"  (rtisto-osleus  are  shmvn  to  he 
remarkable  iu  having  a  viscid  mucoid  covtriiig;  derived  from  the  oviduct, 
which  prevents  the  imbibition  of  water  throueh  the  yelk-sac,  so  that  it 
onlv  then  enters  and  forms  a  breathing-chanibt  r  alter  impregnation,  when 
it  passes  through  the  aperture  in  the  apex  of  the  micropyle ;  whereas  in 
the  e^s  of  salmon  and  in  those  of  most  other  fishes,  unimpregnated  ova 
rapidly  absorb  water  by  the  whole  surface  of  the  yelk-sac,  the  yelk  con* 
tracting  at  the  same  time  to  form  the  breathing-chamber. 

Hie  concentration  of  the  formative  yelk,  originally  forming  a  thin  layer 
over  the  whole  yelk-ball,  at  the  germinal  pole  is  also  proved  to  be  due  to 
the  action  of  water,  of  which  it  requires  a  free  supply  sufficient  to  distend 
the  yelk-sac,  and  to  be  independent  of  fecundatbn. 

llie  contractbns  of  the  yelk  are  shown  to  be  also  independent  of  the 
action  of  the  spermatocoids,  and  to  be  reactions  following  the  entrance  of 
water  into  the  breathing-chamber ;  and  this  not  only  as  regards  the  rhythmie 
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wam»  whieli  pass  over  the  surftce  of  the  food-yelk,  but  also  the  fissile  oon- 
traetility  of  the  fonnativeydk,  by  Tirtne  of  which  it  cleaves  into  irKg;tJar 
and  ansyminetrical  massesi  and  wbu$h  the  author  oonceiTCS  to  he  rcgu- 
Uted  only  by  the  influence  of  the  seminal  particles. 

The  cortical  layer  of  the  food-yelk  or  inner  sac,  which  is  shown  to  resist 
in  a  remarkable  manner  osmosis,  is  found  to'he  the  rhythmically  contractile 
part,  although  requiring  for  its  manifestation  the  presence  of  acid  food- 
yelk  upon  its  inner  surface. 

Evidme  is  given  to  show  that  the  contractile  property  of  the  yelk  of 
both  kinds  requires,  as  an  essential  condition  of  its  manifestation,  the  pre- 
sence of  oxygen  in  the  surrounding  medium,  and  that  the  food-yelk,  while 
tlie  rhythmic  waves  are  passing  over  it,  consumes  less  than  does  the  fbrma- 
tive  yolk,  wliilc  regularly  cleaving  after  ftcundation  |  also  that  some  pro- 
duct of  oxidation  is  formed  during  these  movements,  which  itself  tends  to 
check  them,  but  which  the  author  failed  to  determine  the  nature  of. 

Proofs  are  also  given  that  a  certain  moderate  rise  of  temperature  in- 
creases the  activity  of  these  contractions.  Experiments  are  related  which 
show  the  extreme  limits  the  yc'lk  will  bear  without  destroying  them,  nnd  the 
temperature  at  which  commeucing  chemical  change  prevents  further  con- 
traction. 

Till  r(  actions  of  the  substance  of  tlic  yelk  under  the  stimulus  of  gal- 
vanism are  recorded,  and  evidence  afforded  that  the  food-velk  and  the 
cortical  layer  alone  are  excited  to  contraction  by  it,  attempts  laadt  to  in- 
duce fissile  or  other  contractions  of  the  iorniative  yelk  resulting  in  elec- 
trolysis of  that  highly  unstable  substance. 

Experiments  made  to  ascertain  the  effects  jiroduced  by  poisonous  sub- 
stances on  the  contrfiLf  i  )iis  of  the  yelk  are  recorded,  and  the  general  fact 
ascertuiued  oi  the  extreme  indifference  to  such  agents  of  yelk  protoplasm. 

Carbonic  acid,  however,  is  shown  to  destroy  the  contractility  rapidly, 
and  chloroform  to  arrest  it  for  a  time. 

The  process  of  cleavage  is  described,  and  experiments  are  given  which 
show  that  oxygen  in  the  snrrounding  medium  is  an  essential  condition  of 
its  ooootfenoe.  The  influence  of  heat  In  qmckening  it,  and  the  comparatiTe 
indifibrenoe  which  it  shows  to  the  action  of  a  gslvanic  current  and  to  most 
poisons,  are  proved  by  a  series  of  experiments,  in  which  also  the  remarkable 
and  destmetiTe  activity  of  carbonic  add  is  evidenced. 

The  author  has  considered  the  egg  as  a  cell,  its  contents  as  a  pro- 
toplasm»  of  which  the  firmer  cortical  layer  is  the  equivalent  of  the  pri- 
mordial utriclci  and  the  fluid  food-yelk  of  the  liquid  contents^  whOe  the 
formative  yelk  is  represented  by  the  granular  accumulation  around  the 
nucleus.  Two  stages  or  grades  of  development  of  protoplasm  are  con- 
ceived to  be  represented  by  the  two  forms  ^of  yelk,  and  a  parallelism  is 
attempted  to  be  drawn  between  them  and  the  stages  of  development 
through  which  many  amceboid  organisms  pass,  and  which  the  autlior 
believes  to  have  a  wide,  if  not  a  universal  existence  in  the  oiganie  world ; 
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the  lower  grade  represented  by  the  homogeneooB  food-yelk  with  a  eortical 
]ayer»  and  possessed  of  rhythmic  contractility,  paaiing  into  the  biglier 
represented  by  the  formatiTe  yelk  of  a  gnoralar  structure,  and  possessed 
of  a  fissile  contractile  property  only. 

IX.  ^'VariationB  in  Human  Myology  observed  during  the  Winter 
Session  of  1865-66  at  King's  College,  London.'^  By  John 
Wood,  F.R.C.S.,  Demonstrator  of  Anatomy.  Communicated  by 
Dr.  Shabpbt.   Received  May  3,  1866. 

In  tlie  present  paper  are  given  the  results  of  observations,  made  with  the 
greatest  possible  accuracy  and  care,  of  the  muscular  anatomy  of  thirty-four 
subjects,  chiefly  of  the  male  sex,  vnih  an  especial  view  to  the  study  of  the 
combinations  of  these  abnormalities,  nnd  the  directions  in  which  they 
chiefly  tend.  To  enable  the  reader  more  readily  to  conijirehcnd  these  re- 
sults, the  author  has  tabulated  them  in  the  sheet  appi  uded  to  the  paper. 
In  the  Table  the  names  of  the  muscles  placed  at  tlie  lu  ad  of  each  column 
refer  to  those  in  which  more  than  one  variety  ha^  lu  en  observed  in  the 
session.  They  will  he  found  to  correspond  very  closely  with  those  given 
in  the  lormer  papers  by  ihu  author.  In  columns  4,  21,  and  27  are  placed 
those  of  which  only  one  example  has  been  met  with.  Some  of  these,  how- 
ever, are  of  much  imjioi  tancc. 

To  explain  the  uaturc  ot  the  abnormality  more  precisely  than  could  be 
done  in  the  Table,  a  word  or  two  will  be  necessary  on  such  of  the  specimens 
as  may  be  considered  novel  or  typical. 

Four  columns  are  occupied  by  variations  of  the  head  and  neck,  the  ex- 
amples of  which  amount  in  the  aggregate  to  twenty-two ;  some  of  the 
muscles  in  these  may,  however,  stUctly  be  considered  as  musdes  also  of 
the  upper  extremity,  espedally  those  in  col.  3,  which  I  have  denominated 

Col.  1.  Flatytma  myoida^ — ^The  first  of  the  two  varieties  noted  (in 
subject  20)  was  connected  with  the  inner  side  of  the  lower  end  of  the  nor- 
mal muad^  the  fibres  passing  in  a  broad  band  downwards  and  inwards, 
over  the  origin  of  the  ^itrM-^IMHnattoid,  the  davide,  and  upper  fibres 
of  the  peetoraUt  nutfor  to  be  inserted  into  the  fasda  covering  the  sternum 
as  far  down  as  the  third  costal  cartilage. 

The  second  (subject  29)  was  connected  internally  with  the  sternal  fascia 
between  the  second  and  third  costal  cartilages,  and  crossmg  obliquely  out- 
wards and  downwards  over  the  lower  fibres  of  the  peetoraUa  major  and 
axillary  ca^ty,  became  attached  to  the  tendon  of  the  tatmimtu  dorsi,  ex- 
actly as  we  find  its  homologue,  the  panniculus  eamofiw,  to  do  in  the  lower 
animals.  This  variety  of  the  Plat^ima  does  not  appear  to  have  been  pre- 
viously recorded. 

2.  Diffostric. — The  two  varieties  of  this  muscle  were  found,  as  usual, 
in  the  anterior  belly,  which  was  double.  In  the  first  ( No.  1 )  the  redundant 
belly  waa  attached  by  the  median  raph^  to  the  one  on  the  other  side,  and 
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was  im})laiitecl  upon  llie  tendon  iu  the  usual  niannor.  The  second  decus- 
sated witli  its  fclUnv  on  the  opposite  side,  mid  each  became  attachfd  to  a 
part  ot  the  digastric  fossa  on  the  opposite  half  of  the  iiiandible,  as  2;iveQ  iu 
the  author's  first  paper,  and  described  by  Ilenle  and  otlu  r  anatumisla. 

3.  Cleid(hOCcipitaL — The  author  hua  ventured  to  hi  scow  tlus  name  upon 
a  muscle  which  proved,  when  looked  after,  to  be  so  common  that  not  less 
than  eleven  specimens  were  found  out  of  the  thirty-four  subjects.  It  will 
be  best  understood  by  reference  to  fig.  7  a*  in  the  subject  of  which  it  was 
found  in  conjunction  witli  a  stcrnoclavicuiar  muscle.  It  is  placed  along 
the  hinder  border  of  the  jsterno-cleido-mastoideus,  usually  separated,  how- 
ever, by  a  distinct  areolar  interval  from  both  the  sternal  and  claviciUar 
fibres  of  this  muscle.  It  is  attached  below  to  the  junction  of  the  inner 
ind  middle  thirds  of  the  upper  border  of  Che  cltTiel^  and  above  to  the 
•aperlor  earved  Vne  of  the  occipital  hoiie»  doie  to  the  origin  of  the  tr9f€sim9 
musde.  It  is  described  by  Meckel  (Handbuch  der  mensch.  Analomie, 
1816,  p.  474)  as  an  aecutory  to  the  ttenuheindo-maaimd  sometimes  met 
with*  It  may  be  coDsideied  as  a  lateral  extension  and  separation  of  part 
of  the  clsvicnlar  fibres  of  the  Htrmo-tUUo-mmUid,  which,  in  the  normal 
anangementy  are  crossed  and  entirely  covered  at  the  upper  part  by  the 
sternal  portion,  and  do  not  extend  at  their  msertion  beyond  the  mastoid 
portion  of  the  temporal  bone.  The  author  has  ibnnd  that  in  the  Guinea- 
pig  and  some  other  Rodents  it  conatitutea  a  separate  mosele^  entirely  distinct 
from  the  MienuMiuuUrid,  carrying  with  it  the  whole  of  the  davicidar  fibrea 
of  the  stenuhchido'nuutaideut.  In  the  Dog  and  Cat,  and  probably  in  the 
other  Camivora,  it  forms  part  of  the  long  musde,  the  eepkalo-humeral. 
In  these  animals  the  cleido-mattoid  is  a  distinct  muscle,  joioiiig  with 
the  eephalo-kumeral  at  the  rudimentary  clavicle.  In  the  Hedgehog,  on  the 
other  hand,  the  cleidiMnaUcid  is  blended  with  the  stemo-tnastoid,  while  the 
cleido-oee^^al  is  placed  as  a  distinct  muscle  behind  it.  In  the  Apes  and 
Monkeys  it  is  always  present,  but  continuous  with  the  hinder  border  of  the 
true  tterm-cleido-mattoidt  with  a  more  or  less  distinct  intermuscular  space*. 
The  above  peculiarities  of  its  comparative  anatomy,  and  the  fact  of  its  separate 
attachment  to  the  occipital  bone,  instead  of  the  mastoid  portion  of  the  tem- 
poral bone,  hfive  induced  the  author  to  propose  the  name  here  given  to  it. 

4.  or  the  siiiLrle  specimens  in  tliis  column  the  levator  claviculce  was  in 
most  respects  the  counterpart  to  that  given  in  the  autlmrs  last  ])nper ; 
but  it  was  found  only  on  the  left  side,  arising  fruni  ihv  three  upper  cervical 
transverse  processes  in  front  of  the  levator  anguli  scajntUr,  and  inserted 
into  the  outer  half  of  the  clavicle,  behind  the  anterior  fibres  of  the  trapC" 
j:iu.<t.  On  the  opposite  side  it  was  not  found,  but  a  very  distinct  cleido^ 
occipidi/  present.  This  again  was  not  found  ou  the  left  side,  but 
appeared  to  supply  the  place  of  the  levator  elartcula.  The  coato-fascialtM 
eervicalis,  of  subject  28,  was  in  every  respect  Uke  those  described  in  the 

*  ^fidel  r!rs  rihr»«?,  in  the  Marmot,  the  Squirrel,  and  Home  other  Rodents,  and  in 
»ome  Alursuju  Us,  two  cUido-mastoids,  of  whirii  the  hinder  corresponds  entirely  to  the 
muvcle  iiore  called  ckido-occipUfU  (Anatomic  Compar.  1829-30,  toI.  vi  p.  163). 
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andMi^i  two  1a«t  papers.  The  si^maUt  irutorum  w«a  •  flman  ^velopment 
on  the  right  side  only,  reaebiiig  from  the  third  to  the  nxth  costal  eaitiUige. 
The  reft  of  the  muades  in  this  colonm  scarcely  need  a  more  extended  de- 
■eription  than  is  there  fonnd. 

No  less  than  seventeen  out  of  the  twenty-seven  cdlnmns  denoting  the 
different  kinds  of  variety  are  oocnpied  hy^  those  of  the  arm,  of  which  tbefs 
are  seventy-one  examples, 

5.  Epigastric  slips  of  the  peetoraHt  m^or  presented  various  degrees  of 
development  of  the  so-catted  ehoHdro-epiiroehltttr  mnsde  of  the  Apes  and 
Monkeys,  bnt  reaching  only  as  far  as  the  insertion  of  the  rest  of  that 
muscle  into  the  bicipital  ridge,  and  terminating  distinctly  from  ft.  None 
of  them  were  so  complete  in  their  development  as  those  described  in  the 
author's  first  paper.  One  specimen  is  seen  in  fig.  1  a,  in  significant  com- 
bination with  the  ape4ike  rariation  placed  in  the  next  column. 

6.  The  developments  of  the  pectoralis  minor  given  in  thb  column  are 
such  as  may  easily  be  overlooked,  but  when  doaely  sought  for,  as  in  the 
last  session,  have  yielded  no  less  than  five  specimens  out  of  thirty-four 
subjects.  The  variety  consists  in  the  prolongation  of  the  tendon  of  inser- 
tion as  a  flat  tendinous  slip,  sometimes  connected  with  a  large  portion  of 
the  muscular  fibres,  over  the  upper  surface  of  the  coracoid  process,  which 
is  grooved  distinctly  for  its  rcce})tion.  Thi>:  tendon  then  joins  that  of  the 
supraspinaiua  musclr,  and  hlending  witli  it  and  the  capsular  ligament,  is 
implanted  into  the  upper  facet  ol  the  greater  tuberosity  of  the  liDnn  ius 
(see  fig.  1  b).  In  the  fuhject  of  the  sketch  (a  female)  anotlu  r  tt  ndmous 
slip  was  directed  upwards  and  outwards,  and  lost  upon  the  coraco-acromial 
ligament.  The  insertion  of  the  pectoralis  minor  into  the  slioalder-joint  cap- 
sule is  mentioned  by  Meckel  {op.  cit.  p.  167),  giving  (jlantzcr  as  his  au- 
thority*. This  i  ralongation  of  the  tendon  to  the  hnmenis  reaches  to  a 
greater  extent  in  llie  Monkeys  in  proportion  to  tlie  diminution  in  size  of  the 
coracoid  process.  In  the  Carnivora  it  is  entirely  inserted  into  the  ;j;reater 
tuberosity,  and  blends  more  or  less  intimately  with  the  pectoralm  major. 
In  subject  22  the  upward  direction  of  the  insertion  of  the  pectoralis  minor 
becomes  more  marked  as  an  insertion  of  the  upper  muscular  fibres  into  the 
costo-coracoid  membrane  and  the  clavicle  itself.  The  origin  of  the  muscle 
was  in  this  case  higher  than  usual,  reaching  tothe  first  interaoitsl  aponeuroets. 
This  upward  development  of  thspeetoralU  minor  is  an  approramation  In  the 
condition  of  its  insertion  in  the  Rodents,  and,  as  the  author  believes,  is  a  for- 
mation identical  with  the  ttemoeUmetUar  musde,  and  found  in  subject  27, 
colonm  21  (fig.  7). 

7*  In  this  column  are  given  two  opposite  tendencies  of  development 
of  the  laiiiahniM  doni.  Of  the  first  an  those  not  uncommon  dips 
of  communication  between  this  muscle  and  the  insertioii  of  the  pedaralU 
auf^y  passiog  in  iront  of  the  sxillaiy  vessels  and  nerves  (see  fig.  1  c)« 
described  by  Meckel,  Langer,  and  Gruber  {deh*dlutg^.  The  author  re- 

*  De  Bonn  deieribet  a  mm  in  whieb  tiie  wliole  of  Uie  pteburaiU  Mtiior  wm  inaerled 
Into  tfao  capMile  of  the  sboolder-joint  (Chwtte  MMiede^  12). 
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gprds  these  as  imperii  deTelopmenU  of  the  so-called  dorti-epUntekJUar 
muscle  of  the  lower  ammals.  None  have  been  found  this  session  extensively 
developed,  and  these  only  in  three  subject^  of  which  the  last  (No.  32) 
was  one  remarkable  for  the  number  of  its  muscular  abnormalities. 

The  other  varieties  found  were  two  specimens  of  the  remarkable 
otTset  sent  from  the  latissimui  upwards  towards  the'Coracoid  process, 
wliicli  the  author  descrihed  in  his  paper  read  two  years  ago  to  the 
Society,  under  the  name  of  the  chondro-corncoid  muscle.  It  arises  with 
the  uppe  r  ( ostnl  fibres  of  the  latissimus  from  the  ninth  and  tenth  rih-carti- 
lages,  ascending  so  as  to  cross  the  axillary  cavity  obliquely  outwardi.  la 
the  specimen  figured  in  the  author's  firj^t  series  it  was  inserted  with  the 
pectoral's  minor  into  the  tip  of  the  coracoid  process.  In  subject  10  (fig,  2) 
it  is  inserted  partly  into  the  lower  surfaee  of  that  prores**  (a),  and  partly 
into  the  capsular  ligament  of  the  shoulder  with  the  teiuIiMi  of  the  mpra- 
ap'matus  {b).  It  will  be  observed  to  pass  between  the  trunks  of  tlie  axdlary 
plexus,  separating  the  posterior  from  the  lateral  cords.  The  latter  and  the 
vesseh  are  cut  to  show  the  muscle.  In  subject  28  Lliis  muscle  was  con- 
nected with  the  origin  of  the  coraco-brachialis,  and  passed  with  it  to  the 
tip  ot  the  coracoid.  A  similar  slip  of  muscle,  passing  from  the  jth,  6th, 
and  7th  ribs  to  the  muscles  connected  with  the  coracoid  process,  was  ob- 
served by  Theile  (Jourdan**  TrmUlatian,  p.  204).  In  all  the  specimens 
the  unvarying  origin  of  this  curious  slip,  and  its  relatkm  to  the  cue 
which  joins  with  the  insertion  of  ih»peeiarali»  major ,  and  to  the  ehmidrO' 
tfUroehUear  muscle  of  the  lower  animals,  show  it  to  be  the  result  of  an 
upward  displacement  of  the  same  typical  structure,  ranging  from  the  iu« 
sertion  of  the  peeioraiU  wu^  to  that  of  the  petUtrttlU  mimr, 

8.  The  increased  number  of  the  heads  of  the  bieept  in  the  two  subjects 
in  this  column  were  of  the  more  usual  kind  described  bj  Meckel  and  others, 
arising  from  the  fibres  of  the  hraeUalU  onHemt  and  from  the  greater  tu- 
beroeity  of  the  humerus. 

9.  In  subjects  14  and  17  the  hraekialU  antiau  presented  a  continuity 
of  a  large  portion  of  its  outer  fibres  of  origin  into  those  of  the  supinator 
ionffWt  which  is  not  uncommon,  although  not,  as  far  as  the  author  is  aware* 
previously  noted  in  the  human  subject.  It  is  a  very  common  arrangement 
in  the  Apes  and  M  nkeys,  assisting  them  very  materially  in  climbing  and 
twisting  the  body  while  hanging  by  the  anterior  extremities.  In  subject 
30  there  was  a  braehuh/aaciaiia  or  quasi-third  head  of  the  6ieept,  similar 
to  that  described  in  former  papers.  On  the  opposite  arm  was  foond  a 
curious  fusiform  muscle,  springing  high  up  from  the  brachialit  anticuM^wsA 
connected  below  with  the  pronator  radii  teres  towards  its  insertion. 

10.  Jiexor  suhhmis  dirpforvm  in  subjects  5  nnd  13  gave  off  on  thf 
outer  side  of  its  coronoid  origui  a  8e[)arate  slender  tendon,  which  becjim 
the  sole  origin  of  a  first  Itimhricalia  muscle.    In  both,  another  Jirat  ium 
brwaiiH  was  given  off  trom  the  usual  place  on  the  indicinl  tendon  of  th 
^r/oran*.    In  No.  13  also  a  curbus  division  of  the  abnormal  iumbricah 


Digitized  by  Gopgle 


1SG6.J        Mr.  J.  Wood  on  Varialwm  in  Human  Myology,  235 

occoned,  into  two  ptrta^  of  whidi  tbe  inneimoflt  wis  implanted  upon,  the 
teDdon  of  the  jMi/bra<H«,  near  its  diriaioa  within  the  aheath  of  the  index 
finger;  while  the  out erniaat  joined  the  normal  hmMealit  near  its  naoal 
phKje  of  insertion.  Higher  up  in  the  arm  another  muscular  slip  connected 
the  redundant  tendon  from  the  mtiUmU  with  the  indicial  tendon  of  the 
profundus.  In  subject  9  was  a  mnscular  connexion  of  the  JUxor  mblimif 
with  the  origin  of  the  yfseor  lon^tu  poUieU,  like  that  deecribed  in  the  last 
paper. 

1 1 .  The  variations  of  the  Jlexor  profundus  digitorum  in  three  snljects 
consisted  merely  in  a  not  uncommon  diutinct  and  superficial  mosenfair 
origin  from  the  coronoid  process  along  with  the  fibres  of  the  mblimis,  such 
as  is  frequently  mtt  with  in  the  lower  nnimals.  In  subject  8  was  found  a 
tendon  connectini;  tlie  iiidi(  lai  part  of  the  Jfexor  profnnfhi.f  with  the  tendon 
of  the  jiexor  longus  pollicis.  In  subject  20  this  arraiiiit  incut  was  reversed, 
the  tendon  fj:oin2  from  the  Jtexor  poll  ids  above  to  the  Jiexor  projundui 
below.    This  varii  ty  \a  found  in  the  next  column. 

12.  In  addition  to  the  variety  just  mentioned  the  Jlcxur  pollicis  longu* 
gives,  in  subject  2,  a  tendon  to  the  first  lumbricalis  on  botii  sides. 

13.  The  lumbricalet  hh\c  been  found  irregular  in  three  other  subjects 
besides  those  just  mentioned,  in  \>  lii('h  the  frst  was  seen  to  arise  from  the 
fiexor  siihlii.Ks  and  fexor  lonyus  pol/icis.  In  subject  .5  the  f/iird  lumbricalis 
on  the  light  arm  was  bifurcated,  one  half  guiug  to  the  uluar  side  of  the 
middle  finger  and  the  other  to  the  radial  side  of  the  ring  finger.  Both 
sides  of  the  long  finger  were  thus  provided  with  this  muscle*  an  arrangement 
which  was  repeated  in  hoth  thehsnds  of  the  22nd  subject.  On  the  right  arm 
of  the  32nd  subject  Che  whole  of  the  third  lum6rieaU»  (see  fig.  3  e)  was  m- 
serted  into  the  inner  side  of  the  long  finger,  while  the  fwrth  was  entirely 
absent.  This  wss  also  the  ease  with  the  left  arm  of  subject  5. 

14.  The  name  at  the  head  of  this  eolnmn-<;^rjrer  etarfi  radia!u  brevit 
— baye  applied  to  a  mvscle  which  is  given  in  fig.  3  a,  drawn  from  sub- 
ject 32.  This  snbjeet  was,  from  the  number  and  charaeter  of  its  varietiesj 
the  most  remarkable  of  the  whole*  In  this  ease  the  mosde  arises  from 
the  middle  third  of  the  front  sorfaoe  of  the  radios,  between  the^xor  loiyve 
peUim  abofo  (d)  and  the  frmtaior  fiuubmiut  (e)  below.  Fessing  under 
the  annular  ligament  as  a  distinct  rounded  tendon,  dose  to  the  carpal 
bones,  inside  of  and  parallel  with  the  sheath  of  the  tendon  of  the 
Jkator  carpi  radiafis  (/),  it  is  inserted  partly  into  the  os  magnum,  bat 
diiefly  into  the  base  of  the  middle  metacarpal  bone,  where  it  gave  attach- 
ment to  some  fibres  of  thsjkxar  brwispoUicis  muscle.  It  is  evidently  a 
flexor  of  the  third  metacarpal  bone^  corresponding  to  the /lestor  earpi  radi- 
alis  of  the  second  netaeaipal.  During  the  last  session  a  precisely  similar 
muscle  was  described  by  Dr.  Norton,  of  St.  Mary's  Hospital,  and  exhibited 
by  him  at  a  meeting  of  the  Zoological  Society.  The  subject  of  figure  3  is 
further  remarkable  for  a  distinct  slip  of  tt  iidon  from  the  Jleror  carpi  nJnriris 
(g)  to  tbe  base  of  the  fourth  metacarpal  bone  (seen  at  6).    In  this  arm  we 
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have,  therefore,  a  tlexor  for  each  of  the  metacarpal  bones,  reckoning  the 
opponetuf  as  one.  But  further  than  thia,  the  outer  fibrei  of  the  exiemor 
ossis  tnetacarpi  poUieit  in  the  same  «rm  (see  fig.  6  e)  ere  sepemted  fimm 
the  rest  by  a  celliOer  mtenral,  and  arise  partly  from  the  fascie  oovering  the 
radial  extensoTi  and  snphiator  bngits.  They  are  connected  with  a  dietiQet 
tendon,  which  is  impUnted  into  the  front  part  of  the  outer  border  of  the 
base  of  the  first  metacarpal  booe.  Traction  upon  this  tendon  showed  that 
its  action  was  rather  of  the  nature  of  flexion  with  abduction  than  of  extcn- 
aion.  This  peculiarity  of  origm  is  noticed  by  Henle  (Muskeliehre).  The 
arm  from  which  figs.  3  and  6  were  taken  is  now  in  the  custody  of  the 
Curator  of  the  Hunterian  Museum.  In  fig.  3  is  seen  also  the  abnormal 
ittsertioa  of  the  MM  Ivmbrie^  (c),  the  absence  of  the  fimrth^  and  at  h 
the  Jlr9t  j^akmr  interotMUt  oi  ike  diumb,  described  by  Henle.  In  fig.  6 
the  additional  special  extensors  of  the  third  and  fourth  fingers  are  given. 

In  subjects  13  and  31  were  found  muscles  which  are  eiUireiy  homologous 
with  the  Jfexor  carpi  radialis  6rem»  just  described.  They  had  exactly 
fiTpiliir  origins,  were  of  the  same  shape  and  with  like  tendons,  but  were 
inserted  into  the  inner  side  of  the  base  of  the  second  instead  of  the  third 
metacarpal  bones,  one  of  them  )>assing,  with  the  tendon  ot  tiie  ft^wr  carpi 
radiaiit,  through  the  groove  in  the  trapesium  and  annular  ligament,  but 
the  other  going  outside  of  tlmt  sheath. 

In  subject  6  was  found  n  lar<;e  fusiform  muscle,  having  its  origin  from 
the  radius  outside  of  that  of  thvjfexor  longvs  polUcis,  and  reaching  as  high 
up  as  the  oblique  Hue  below  the  Jiexor  sufjlimis.  Ending  in  a  distinct, 
strong,  and  rounded  tendon,  it  was  implanted  into  that  deef^er  portion  of 
the  annular  ligament  which  separates  the  groove  for  the  Jieiur  carpi  radi. 
oJiff  femion,  and  with  this  into  the  trapezoid,  magnum,  and  ba--o  ol  the 
middle  metacarpal  bones.  A  muscle  precisely  similar  to  this  was  iie!>erihed 
bv  tlie  nnthor  in  his  last  paper  (subject  1 ).  Its  resemblance  in  appeal  ;inri', 
position,  connexion?,  and  influence  upon  the  carj)ns,  have  indm  il  Imn  to 
class  it  with  the  foregoing ^e^'or  carpi  radialis  brevis  as  a  vanation  of  the 
same  type  of  muscle,  the  flexor  of  the  middle  metacarpal  bone. 

1  ;>.  The  variations  of  the  radial  exten^orji  fouu  J  lu  this  column  are  of  two 
kiiid.s,  which  appear  to  be  closely  allied.  The  tirbt  kind  intnuoiu  d  arc  the 
interchanging  nmsclcs  frequently  seen  and  recorded  by  anatomists.  These, 
arising  with  one  of  the  twin  muscles,  pass  as  distinct  tendons  over  to 
the  other«  and  become  inserted  with  it.  Of  these^  three  were  found.  In 
the  abstoce  of  a  name  the  author  has  ventured  to  distinguish  this  form  of 
muscle  by  that  of  the  extentor  earpi  radialu  intcrwtednts.  Of  the  other 
kind  is  found  only  one  example.  It  is  the  extentor  carpi  roditdiM  oeeer- 
son'tif  first  recorded,  named  and  described  by  the  author  in  his  former 
papers*.  It  has  been  chosen  as  the  subject  of  fig.  4,  taken  from  the  right 
arm  of  subject  No.  23,  because  of  its  coexistence  with  the  intermediate  form 
of  the  radial  extensors*  which  was  not  the  case  in  any  of  the  spechnens 

•  Thi*  muaole  leeBM  to  be  prsMtit  m  dbout  Die  proportion     1  in  35  mbjertsi 
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befon  fomid.  It  arises  from  the  condyloid  ridge  of  the  hamera^  below 
the  extensor  carpi  radialU  longiof  (/),  lies  between  that  mnsde  and  the 
extensor  intermediue  (c),  which  separates  it  from  the  extensor  carpi  radi- 
alts  brevior  (d).    It  has  a  distinct  tendon  of  considerable  siae,  which, 

crossing  that  of  the  lonf/ior,  goes  through  the  sheath  of  the  eztenson  of 
the  metacarpus  and  first  phalanx  of  the  thumb,  and  divides  into  two  slips, 
cue  f  o  be  implanted  into  the  base  of  the  first  metacarpal,  and  the  other  to 
give  part  oriL^in  to  a  Jouble  abductor  poUicis  (b).  The  tendon  of  the 
intemiedius  (c)  can  be  seen  to  be  implanted  upon  the  second  metacarpal 
with  that  of  the  longior.  In  the  left  arm  of  the  same  subject  only  the 
ir/ffrmedHite  form  was  found.  The  close  relation  of  these  two  forms  is 
well  seen  in  the  figure.  The  accessorius  has  an  origin  somewhat  similar  to 
the  inf>-n,H'<in>s,  while  its  insertion  and  connexion  with  the  short  abductor 
is  preciaelj  smiilar  to  tliat  often  found  in  the  tendon  of  extensor  ossis 
metacarpi  pollic.isy  wiili  wliich  the  ra(li;il  extensors  have  usually  so  close  a 
connexion  at  its  origin,  as  before  alluded  to  in  describing  the  redundancy  of 
thai  muscle  in  subject  32  (fig.  6  c).  If  we  suppose  the  germ  of  an  ejctemor 
intermedins  to  become  blended  with  that  of  the  upper  and  outer  portion  of  a 
doable  extensor  ossis  metacarpi  polUciSf  the  reault  would  be  the  extensor 
aeeessorius  here  described*. 

16.  The  extensor  carpi  ulnaris  in  two  subjects  sent,  in  both  arms,  ten- 
dinona  slips  to  the  little  finger,  which  were  blended  with  the  common 
extensor  aponeurosis  (fig.  5  a) .  This  Tanety  is  mentioned  by  Meckel.  Henle 
considers  it  sb  homologous  with  that  of  the  peroamu  qmnH  in  the  foot. 
In  both  sabjects  the  arrangement  of  the  slip  was  strikingly  similar 
to  that  of  the  last-named  abnormality,  but  in  neither  of  them  was  the 
peroneiu  gumii  found  in  the  foot.  In  the  same  arms  the  exieMsor  miniwd 
diffiH  (ft)  wss  found  provided  with  two  tendonsy  both  inserted,  with  a  slip 
from  the  common  extensor,  into  the  dorsal  aponeuroria  of  the  fifth  digit  (c). 

*  On  looking  over  Meckel's  description  of  the  rj-frnsor  flfst's  mrfacarpi  poiliris,  in 
reference  to  this  subject,  ihc  a\itlior  finds  that  bo  mentions  tljo  rare  ocmrromv  of  a 
douhU-bdlied  long  abductor  of  the  thumb,  arising  from  the  outer  condy  le  of  the  hume> 
nifl,  and  ixuertod  into  the  base  of  the  first  pMm*  of  the  tiinmb  (sp,  eii,  Muekellehie, 
p.  617).  Tbh  hu  eridentiy  been  the  *x(simr  carpi  radiaUt  aeeeanrnu  of  die  autliafl', 
peering  entirely  into  the  outer  heed  of  a  double  abductor  polUeu  brevu,  without  eny 
inseHion  into  tlie  meteoerpal  bone^  ee  found  in  one  of  the  epeoimene  figured  in  the 
autlior's  first  scries. 

In  many  of  tbe  lower  animals,  and  occaaionally  in  the  homan  subject  (Henle),  the 
tedtal  esteneove  aie  yepreaented  by  <me  large  muadle,  which  givea  off  two  teodone  to  the 
•eoond  and  third  metacarpal  honen  respectirely.    This  original  connexion  seems  to  be 

reprf^ntod  by  the  j^'^rmu  di'ifr  form  of  nui.sclo  ju^l  dcscrib'^f?.  7n  tlio  Antoater  w  found 
a  muscle  ari:?ing  from  liv  humerus  tvlxivo  tbo  lo^^'r?  supinutor,  and  ijiscrt<Kl  ritlior  into 
the  etibifurm  bune  or  into  Uiu  mu.scular  8ubi§tanoe  of  the  palm  (Meckel,  Anulomie 

Compar.,  1829-<ao,  pp.  S27-8,  toI.  ti.).  In  die  Echidna  and  Omitkorfyneus  a  nnall 
muacle  is  found  under  the  oommon  extensor  of  (he  2nd  and  3rd  metacsfpel  "bmm,  whieh 
is  considered  by  Meckel  {De  Ornithorhynco)  to  be  a  supinator  hngus,  TheiO  may 
probably  be  the  homologuee  of  this  muacle. 
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17*  In  three  other  snbjecti^  bcaidee  the  two  last  mentumed,  the  exteimt 
wdmrni  d^H  was  found  to  h«ve  •  doable  tendon.  Id  one  the  mmde  tlao 
was  doubled. 

In  subjects  5  and  82  the  outermost  of  the  tendons  of  this  double  muscle 
was  inserted  mto  the  extensor  aponeurosis  of  the  ring  Jlnger^  thus  forming 
a  special  extensor  of  this  digit  (fig.  6  a),  joining,  hefore  reaching  it,  with  a 
slip  from  the  common  extensor,  which  directly  afterwards  again  left  it, 
carrying  some  of  its  fibres  to  join  the  little  finger.  This  arrangement  was 
described  by  the  author  in  his  first  paper,  and  has  been  also  noticed  by 
Vesalius,  Meckel,  and  Hallett  in  Man,  and  by  Church  in  the  Apes. 

18.  In  this  column  arc  found  two  specimens  of  that  differentiation 
of  the  extensor  inrlicia  muscle  which  results  in  n  proper  extensor  of  the 
nn'f/ffh'  fjnfjer.  In  fig.  ()  (tnkeu  from  the  extensor  aspect  of  thr  snme  arm 
as  fig.  3,  subject  32)  is  seen  a  complete  double  set  of  extensor  (t  ikI  mis  for 
each  of  the  five  digits,  in  adlitiou  to  the  interesting  vai  it  ties  found  on 
the  flexor  side  (including  a  whole  set  of  flexors  for  the  five  metacarpal 
bones),  and  iu  other  parts  of  the  body.  It  was  not  found  in  the  left 
arm.  In  subject  13,  the  extemor  mcdii  digiti  was  found  in  both  arm-,  and, 
wimt  is  significant,  it  was  associated  in  both  with  the  flexor  carpt  ra- 
diaUs  hrevit  before  described,  showing  a  special  tendency  to  development 
of  the  muscles  of  the  middle  digit.  A  similar  tendency  is  shown  in  subject 
1.'),  by  a  duplication  of  the  tendon  of  the  indicator^  both  tendons  in  this 
case  being  inserted  into  the  first  digit. 

'  19.  Of  the  eximmr  hrevis  diyitorum  manus,  described  in  the  author^s 
last  papersi  fewer  examples  than  usual  ba?e  been  found,  none  of  them 
very  complete.  In  subject  32  a  single  .slip  to  the  middle  finger  is  found 
associated  with  the  proper  exientor  and  a  Jlexor  of  the  metmcarpal  bono  of 
that  digit ;  a  combination  which  was  preaent  also  in  the  remarkable  subject 
(1)  described  in  the  last  paper,  and,  with  the  exception  of  the  proper  ex> 
tensor,  in  one  other  subject  last  session.  It  may  be  taken  as  a  further  proof 
of  the  specislizing  tendency  in  the  middle  finger  in  this  subject. 

20.  Of  the  interostoif  five  specimens  of  diflerentiatioD  are  noted,  chiefly 
bekmging  to  the  first,  or  abdueior  indieit.  Two  specimens  of  a  palmar 
mierotteuo  of  the  thumb  are  found  in  Nos.  5  and  32,  both  presentmg 
numerous  other  variations. 

21.  Among  the  miscellaneous  muscles  of  the  arm  the  most  noteworthy 
specimen  is  that  of  a  siemoclauiadnr  muscle,  similar  to  that  described  by 
Haller,  and  more  recently  by  Mr.  Berkeley  Hill.  This  muscle  (given  in 
fig.  7  c,  from  subject  27)  arises  by  a  thin  tendon  from  the  front  of  the 
manubrium  stcrni,  just  below  the  origin  of  the  sterno-mastoid.  Spreading 
as  a  muscular  layer  upwards  and  outwards  under  the  clavicular  fibres  of  the 
pectoralis  major  (h  //,  cut  and  turned  up  in  the  figure),  it  is  inserted  into 
the  lower  borflcr  ot  the  clavicle,  just  in  front  of  the  subclavius  muscle, 
from  wliich  it  is  st  jiaiated  by  the  costo-cornroid  membrane  (a),  extending 
nearly  as  far  outwards  as  the  origin  of  the  de/toid. 
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This  muscle  has  been  fouud  in  Birds,  Bats,  and  Moles.  The  author  lias 
also  found  it  remarkably  well-developed  in  the  Gulueapig  and  < oine 
others  of  the  Rodeiitia.  He  believes  it  to  be  closely  allied  to  the  upward 
extension  of  pectoral  is  minor,  before  alluded  to,  and  to  result  from  a 
diffLTcatiation  of  such  an  upward  txteasion.  In  the  subject  of  the  sketch 
it  Tvas  associated  v^itii  a  cleido-occipital  {a),  and  with  an  increiise  in  the 
number  of  tendons  to  the  little  finger. 

In  subject  26  was  a  curious  muscular  slip  extending  behind  the  axillAry 
Tessels  and  nerves,  from  the  insertion  of  the  subscapular  muscle  to  the 
fascia  covering  the  long  head  of  the  triceps,  and  derived  ft  uUi  the  tendon  of 
the  ltUt.'<.<<if/nis  <i(»\si.  Aj);)arentlv  this  is  nn  imperfect  form  of  development 
of  a  short  coraco-brachialis  luUiclc,  such  as  ihaL  described  in  a  former  paper. 

In  subject  13  wad  a  high  fascial  origin  of  the  abductor  minimi  digiti, 
from  the  lower  third  of  the  foream,  like  that  described  and  figured  in  the 
author'B  first  aerie*.  Tlut  has  been  observed  by  Guntber  (Cbimrgiscbe 
Miukellduv,  Taf.  zx.  VSg.  V.  18). 

A  doable  abduetar  poUieit  brent  was  found  in  three  cases,  besides  tbat 
in  wbieh  it  was  oonneeled  with  a  slip  from  tbe  extensor  carpi  raduUU  acce$* 
aorw9  (given  in  fig.  4),  In  subject  23,  and  also  in  32,  was  a  double  extensor 
om$  meiacarpi  poWek,  tbe  tendon  of  one  bemg  inserted  entirely  into  tbe 
aunnlar  ligament  and  origin  of  tbe  ahhtetor  potUeie* 

The  leat  of  this  column  scarcely  needa  farther  description* 

The  sis  remammg  oolnmna  are  occupied  by  abnormalities  of  tbe  musdea 
of  the  Ic^  of  which  there  are  thirty-nine  examples. 

22.  Peroaeiu  f«rltift.— Two  oat  of  five  anomalies  in  this  column  result 
from  the  total  absence  of  this  characteriatically  human  moacle,  giving  a 
Teiy  ape-like  appearance  to  the  foot.  In  No.  7  it  waa  absent  on  tbe  right 
aide  only  (see  fig.  8),  in  No.  16  on  both  sides.  In  subjects  1 1  and  32  a 
diatmet  tendinoua  slip  from  it  was  implanted  into  the  base  of  the  fourth 
metatarsal.  In  another,  the  tendon  waa  doubled,  though  both  were  in- 
serted into  the  fifth  metatarsal,  spreading  towards  the  fourth. 

23.  Peroneus  qumiL — In  three  out  of  five  specimens  fomid,  this  ten- 
dinous slip  firom  the  peroneus  brevis  to  the  extensor  aponeurosis  of  the 
little  toe  was  perfect,  as  described  and  figured  in  the  last  paper.  In  the 
remaining  two^  the  tendinous  slip  from  the  brevis,  instead  of  reaching  the 
toe,  became  implanted  upon  the  upper  border  of  its  metatarsal  bone,  near 
the  firont  end  (fig.  8  a).  In  both  cases  this  slip  supplied  the  place  of  the 
peroneus  tertius,  which  was  totally  wanting,  except  in  the  left  foot  of 
subject  7,  in  which  both  the  slip  and  the  muscle  was  present,  though 
small.  In  the  subject  of  the  figure  the  peroneus  brevis  tendon  gives  also  a 
shp  of  origin  to  a  bundle  of  muscular  fibres  which  join  the  abductor  minimi 
digiti  as  a  sejiarate  nuiscle  {b)  on  the  outer  side.  This  is  a  ^ninewhat 
similar  arrangement  to  that  of  a  specimen  given  in  the  author's  fir>L  series, 
in  which  peronem  (pdaft  was  provided  with  a  separate  muscular  beiiy 
on  the  outer  border  of  the  foot. 

vol*.  XV.  X 
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24.  The  extensor  lonyus  pritni  inltinudii  hallucis,  described  in  the 
Kiithor*8  first  paper,  was  found  in  no  less  than  tea  out  of  the  thirty -four 
subjects,  in  all,  except  one,  in  both  legs.  In  seren  the  muscles  and  tendons 
were  ftiUy  developed  and  distinct  from  the  fibres  of  the  extensvr  propnu* 
haUvcin,  p^enerally  arising  above,  but  sometimes  below  this  muscle.  In 
the  remaiuiug  three  (Nos.  11,  19,  and  21)  the  abnormal  muscle  was  repre- 
sented by  a  tendon  given  from  the  extentor  jtropritu  near  the  ankle.  In 
subject  21  this  tendon  was  also,  on  the  rigbt  tide,  contribated  to  by  one 
from  the  ettenmtr  longu$  digitorum.  In  all  the  tendon  was  attached  to  the 
base  of  the  first  phahmx  of  the  great  toe,  close  to  the  joint,  either  distinet 
from  or  in  union  irith  that  from  the  esiemtor  hremM  digiianm  pedit, 

25.  FUstor  Umgw  aeee$toriu§,^The  higjh  origin  of  this  musde,  by  an 
additional  head  from  the  lower  third  of  the  fibula/  or  firom  the  fiMcia 
covering  the  JIator  Umyu»  haUtuig,  has  been  obserred  in  three  casM. 
In  all  it  was  provided  with  a  distmct  tendon,  which  joined  separatelj 
in  the  union  of  the  long  flexor  tendons  in  the  middle  of  the  sole.  Id 
subject  26  the  JIawr  aeceMortM  was  made  up  of  Jbmr  distinct  heads. 
1«  The  long  head  as  aboTe  described!  2,  another  tapering  fieshj  bdljr 
ftom  the  upper  part  of  the  os  calcis  and  insertion  of  the  planiarU  tea* 
don,  in  front  of  the  tendo  Achillis,  and  ending  in  a  distinct  toidmi; 
3,  the  usual  "  massa  camea"  from  the  hollow  surface  of  the  os  calcis ; 
and  4,  the  outer  tendinous  slip  from  the  long  plantar  ligament.  Iliese 
all  uniting,  joined  with  a  large  slip  from  the  tendon  of  the /t/amr  ionffut 
poUidSt  to  form  a  distinct  deep  or  third  set  of  flexor  tendons  passing  to 
the  four  outer  toes.  Each  of  these  joined  that  of  the  jwis<*orans  in  the  in- 
side of  the  sheath,  about  the  first  joint. 

26.  Abductor  osm  meiatarti  quinti, — This  muscle,  as  described  and 
figured  by  the  author  in  former  papers,  was  found  only  in  seven  subjects 
this  session,  in  all  in  both  feet.  This  h  much  \em  than  the  proportion 
found  last  session.  In  two  out  of  llie  five  females  dissected,  they  were 
found  well  developed,  of  a  fusiform  slia))C,  arising  from  the  outer  tubercle 
of  the  OS  caleis,  and  inserted  bv  n  distinct  rounded  trndon  into  the 
base  of  the  fifth  metRcarpal  bone.  In  five  males  only,  out  of  the  twenty- 
nine  (iisseetf  d,  wrvr  they  found  as  muscles  distinct  from  the  fibres  of  tbc 

Uhductor  finnniti  (hijitt. 

In  the  previous  session  the  proportion  of  femnle  subjects  to  males  was 
very  much  greater  than  in  the  Int^t.  Tlie  >.jucinien>  <  t  l]M^  nlU^c]e  found 
were  nlso  nmch  more  numerous,  so  n)uch  so  as  to  be  estimated  by  the 
author  at  nearly  half  the  nunilier  of  subjects.  "Whether  tliis  remarkable 
diflferencc  dt  pendh  upon  the  sex,  or  is  accidental,  must  betleuded  by  future 
observations. 

27.  In  the  miscellaneou<;  rohimn  wc  linve  nine  single  specimens!,  ns  com- 
pared with  eleven  or  twelve  in  the  arms,  and  t»ix  or  seven  m  the  head 
and  neck. 

In  a  female  (31)  was  an  areolar  separation  of  the  front  fibres  of  the 
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ghtteM  flRuitMNf  ibming  a  jcaii«ofTic»  iniMcle«  like  that  described  in  a 
former  paper«  In  subject  30  the  per/oroht9  tendon  of  the  little  toe  was 
dented  from  the/eisof  tieeeuornu,  as  seen  also  last  sesnon.  In  subject  7, 
the  same  tendon  is  deriTed  from  the  fifth  tendon  of  the  peifinm$,  as  found 
in  the  Apes  and  Monkeys.  The  two  Isst  appear  to  b^  respectlTeljr,  the 
imperfect  or  transitional,  and  the  complete  stages  of  this  significant  chsnge* 
Two  varieties,  which  1  have  not  found'  recorded  by  any  anatomical  writer, 
were  noticed  in  subjects  12  and  26.  In  the  former  the  abductor  JkaUucU, 
and  in  the  latter  the  flexor  brevis  hallucis  sent  a  considerable  muscular 
slip  to  the  base  of  the  first  phalanx  of  the  second  toe.  In  the  former  the 
slip  passed  deeper  than  the  trans»emt$  pedit  mnscle,  and  in  the  latter 
snperficial  to  it. 

In  subject  25  the  third  lumbrwaUt  took  origin  from  the  tendon  of  the 
perforatus  instead  of  the  per/orans,  presenting  an  analogue  to  the  origin 
of  the  first  lumhricalis  in  the  hand  from  a  tendon  of  the  Jl^or  9uhUmi$ 
per/oratus  in  subjects  5  and  13. 

In  subject  2  the  fourth  phtnfdr  inhro.tsevs  arose  from  a  slip  of  the  tendon 
of  the  peroveKS  hmgus^as  in  the  instaiup  d("^rril)rd  anrl  fii'iired  in  the  author's 
last  paper.  In  subject  If)  was  a  <  urious  doublL'  nriijin  of  the  ((dd  net  or 
lowfus  ftmoris^  the  abnormal  h(  ;iil  ari-^ing  with  the  tibrcs  of  the  jncfmnis. 

In  rrti  rt  nee  to  the  cornhinati  n,  <  oi'  the  aboTc  muscular  Tariations  an  in- 
spection ot  the  Table  will  s]iow  the  lolluwmg  points:  — 

Fh-fif,  that  only  in  (n-o  subjects  out  of  the  thirtv-fonr  examined  were  no 
muscular  abnormalities  found  ;  i.  e.  no  deviations  troin  the  ordinary  type 
sufficiently  striking  to  be  recorded.  It  is,  indeed,  highly  probable  that 
variabilities  of  every  kind  arc  linnted  only  by  the  possibilities  of  the  per- 
mutations and  combinations  of  the  whole  of  the  structures  of  the  human 
body.  It  will  be  observed  also  that  the  great  majority  of  the  abnormalities 
were  symmetncal,  or  found  uu  huth  sides. 

f^econdltf,  that  of  tlie  total  number  of  muscular  variations,  132  (not 
reckoning  both  sides  when  alike),  71,  or  more  than  one  half,  are  found  in 
the  arras.  If  we  reckon  with  these  those  muscles  which,  though  found  in 
the  neck,  act  chiefly  upon  the  clavicle^  a  bone  of  the  upper  extremity,  vis. 
the  MdO'Oecipital  and  the  levator  dameulg,  we  shall  have  12  more  to  add 
to  the  71.  increasing  the  proportion  of  the  arm  muscles,  and  diminishing 
those  proper  to  the  head  and  neck  to  10.  The  number  of  abnormalities 
in  the  legs  amount  to  39,  or  rather  more  than  half  the  number  of  those 
in  the  arms ;  while  in  the  abdomen  and  lower  part  of  the  trunk  not 
one  is  recorded,  thought  of  course,  some  may  have  escaped  observation. 

Hdrdhf,  The  greatest  number  of  ahnormatitics  combined  in  the  same 
individual  is  14  (in  subject  32),  a  very  muscular  male,  in  whom  the  pro- 
portions are  10  in  the  mttsdes  of  the  arms  (including  the  cfotcfo-oec^'toZ) ; 
3  in  those  of  the  legs,  and  1  only  in  the  head  and  neck.  The  similarity 
between  this  subject  and  No.  1  of  the  last  year's  paper  is  remarkable.  In 
the  latter  the  number  of  departures  from  the  ordinary  type  was  lO^  of 
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which  all  except  7  were  fouad  ia  the  arms  (including  the  Uuaior  clavicuUw), 
6  in  tho  legs,  and  2  in  the  bead  and  neck.  With  the  exception  of  the  U» 
vator  clavicuJa!,co8tO''fa8ciali8,Kad  supm-cosfalist  found  in  the  last-mentioned 
subject,  but  not  in  No.  32,  the  correspondence  (especially  in  the  arms) 
between  the  different  lines  of  ahnonnal  departure  also  is  sufficiently  close 
to  become  significant,  as  the  reader  will  have  gathered  in  goinc;  through 
the  preceding  pages.  In  subject  1  of  the  Table,  which  presented  the 
only  specimen  of  the  levator  davlculne  found  this  session,  only  one  other 
abnormality  was  found,  viz.  the  abduHor  of  (he  fifth  me(/i(arsal  hone. 
Tin's  WAS  also  found  associated  with  it  in  last  year"?  subject,  which  pre- 
sents otherwise  a  marked  contrast  in  the  number  of  its  abnormalities. 

In  Nos.  5  and  7,  the  one  a  male  ixnd  the  other  a  female,  there  are 
nine  variations  respectively,  of  which,  No.  5,  there  is  but  one  which 
is  not  in  the  arm  j  and  in  No.  7,  four  in  the  legs  and  three  in  the  arms. 
In  No.  2  are  eight  ahnommlities,  of  which  six  are  in  the  arms  and  the 
rest  in  the  legs.  In  No.  26  are  found  seven,  of  which  tliree  are  in 
muscles  belonging  to  the  njtjicr  exticiuiLy,  and  four  in  the  legs,  lu 
No.  13  arc  iiix,  all  in  the  arms.  In  thirteen  subjects  none  were  foimd 
in  the  legs;  and  in  four  they  were  found  iu  the  legs  only,  to  the  ez* 
tent,  in  one  case,  of  four  examples ;  and  in  all  ibnr  subjects  highly  cha-* 
TioteriBtic.   None  weie  found  in  the  head,  neck,  or  tnmk  onlj** 

The  extent  <x{tarre^pondeM$  in  camhination  of  Tsrietiea  ui  the  auljeetf  ir« 
iBoged  m  theTkble(taken  in  the  horimital  lines)  cannotbessid  to  be  strikhig. 
The  vaiiations  seem  to  crop  out  here  and  thmre  without  much  feferenoe  to 
radi  other.  This  may*  however,  he  partly  owing  to  the  compsiatbdj  smsU 
number  reviewed  and  we  should  scarcely  be  safe  indrawing  deductions  from 
it  before  a  much  greater  number  of  suljects  are  treated  in  a  similar  way* 

The  correspondence  seems  to  be  the  greatest  m  the  arm  and  hand,  wMch 
here  also  assume  a  prominence  over  the  rest  of  the  frame*  This^  however^ 
may  be  due  to  the  greater  number  of  instances  found  in  the  upper  extremity. 

*  la  estiaiattiig  the  proportion  of  tha  abnoniMilitiat  oonfeuiwd  in  tho  T»i)h,  tba 
nnmben  and  namn  at  tha  hsid  of  the  columns,  together  with  thow  down  tha  iniaeel* 

lancoui  oolTimn?«.  must  bo  compared  with  the  total  miinber  of  tho  muscles  in  the  cor- 
responding parts  of  the  human  body.  Thujj,  taking  the  number  of  the  vohmt&rj 
muscles  of  the  head,  neck,  trunk,  and  perineum,  excluding  those  of  the  back,  internal 
«ar,  huryni,  and  tlie  intevoostils  (as  autgect  to  mfiior  Irngolaritietiriildi  haro  not  been 
noted),  we  have  about  72.  Con^paring  these  with  tho  kiiido  of  Tariefy  in  the  Table, 
riz.  10,  we  bare  a  proportion  of  nbont  1  in  7.  In  the  xipper  extremity  we  have  HO 
muscles ;  of  line^j  of  variation  wo  have  20,  or  nearly  half.  In  the  lower  extremity  wo 
hare  61  muscles;  of  varieties  14,  or  not  quite  one-fourth. 

!Elia  vatietiM  doMsdia  4h9  Mio  iiidude  the'ipwatw 
pnfioiidyolMemdIiytte  aiiAor  and  ol^^  2b»  only,  whioh  hare  bean  BMiitiooed 
in  foinMr  papers  as  being  subject  to  other  ivvqgdaritiet  than  digylioatioo  and  do- 
flciencT,  arc  absent  from  this  lint. 

This  rlf^rly  shows  that  notable  departures  from  the  ordinary  type  of  the  muscular 
structurt;^  run  in  definite  yinwt^  or  (^irec/u>»«,  which  must  be  taken  to  indicate  some 
unknown  fiMtor,  of  mnchimportaDee  to  a  oompMhniatTO  faiowledec  of  general  lod 
MicntaficaBatomy. 
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Tlw  figures  wbicb  are  placed  at  the  end  of^cb  line  in  the  Table  refer 
to  tlie  nuinber  of  varietiei  recorded  in  eacli  entire  ^nbject*  Those  at  the 
bottom  of  each  eoliunn  refer  to  the  number  of  each  Tarietj  of  muscular 
abnonna]itT«  \ 

EXPLANATION 
Of  the  Ablreviafwns  nnd  Frfrraicrs  in  the  Tabic. 
B.  Indicates  the  right  side  of  the  body  on  which  the  abnormality  was  found. 
L.  Indicate  the  left  side  of  the  bodjr  on  which  the  abDormahtj  was  found. 
B.  IiiJIqrtM  bolh  ndet  of  the  bodj  on  whioh  tlie  abiKvinality  hm  found. 
«.  Dcteched  mmookr  ilip  from  6th  eutQagak  nvth  aspanta  huertion  mto  honiwai. 
Abo  in  No.  5. 

A.  MascuW  slip  from  Ai^Mmm»  if0r«i  to  i]^^  Al8OUiNo0.5 

and  32. 

c.  Tendon  from  flexor  lorujus  pollicU,  giTing  origin  to  iirtft  lumbricalis. 

4,  Smgle  mutdeirith  two  teodonii,  both  inaertad  mto  little  finger.  Alao  in  Koa.  9, 

and  27. 

e.   Pdhnaris  foffffus,  with  belly  of  muscle  below  instead  of  above. 

/.   Pourth  plantar  inferofisens  arising  from  tendon  ofperonrufi  hp^ns. 

y.  Extensor  carjn  radiuiis  intcnncdius  arising  (muscular)  with  lonyior,  and  in!«rt«^  tcn- 

dinoiiB  with  Areewr,  or  viw  vend,  Alio  in  No.  6,  aiid  the  right  aide  of  Ka  21 . 
h.  PeeioMUii  mtiiof  ,  giring  tendinona  slip  to  greater  taberoeity  cf  humema ;  joining 

with  the  tendon  of  supraspitiafus  and  capeolar  ligament. 
i»  (Bight  side)  tliirtl  fumhricaiin  bifurcated  to  oppofcd  sides  of  middle  sod  nng>fii]|ger. 

(Left  side)  no  /ti7nhrfca'i:>  to  little  flnper.    Also  scon  in  No.  2*2. 
J.   Extensor  minimi  digiti  gave  a  tendon  to  the  ring-finger  on  both  aides.  Also  in  No.  32. 
k,  A  first  palmar  4nterosteou»  (of  Henle),  nnder  /eawr  hrevia  to  poUex. 
A    Flej-or  carpi  rtidiitfis  hrevis,  vel  proftoidttf,  as  a  fusiform  mnsole,  ariaing  from  the 

oblique  liii  ■  (  f  rii<liiis,  iind  insertfrl  into  the  nnniilar  liganiont. 
;  '   Trouble  anterior  txjlly  of  digastrir,  deeussiting  .-KTOivS  the  median  line. 
ii.  Aiuscular  slip  I'rom  complexm  to  rectus  capitis  posticus  major. 
0.  3)etMlied  muaeukr  dip  from  epitroolike  to  olcoranon  oi«r  tt^ 
p,  TeodinouadipfromjMreneifsAmfiatoupper  border  of  fifihrnetataiea^ 

Flexor  longxis  acemoHm  mnacnhr  heed  eroae  from  deep  fraoia  eoveriqg  /mwt 

lonpis  digifi. 

r.  "Btrforatm  tendon  of  fifth  toe  arose  from  tendon  of  pcrforans, 
A  Double  stylo-pharpigeuSf  one  behind  the  otlier. 

t,  Detaohed  alip  of  jM^milji  eiq^,  ariaing  from  abdominal  tendon  at  epigaetriom, 

■ad  inaerted  aepentely  into  tendon  et  humerus.   Also  in  Nos.  9  and  32. 
«.  Tendinous  slip  prolonn^od  from  extmsor  carpi  tUnaris  to  exienmnr  tendon  of  little 

finger.    Also  seen  in  No.  27. 
tr,  DetAched  slip  from  latimmns  dorsi  at  ninth  rib,  to  coraooid  process  at  insertion 

tApadmiralu  mbwr  (eftoN^o^iofiaeetf). 
9.  ExUnaar  longuM  primi  ini$modii  MWda,  andng  from  fibnU  and  inteNeaeooe 

ligament  nbore  extensor  propritu  hallucis.    Also  in  Nos.  18,  24,  25,  26,  and  30, 
x»  Twdinous  slip  of  insertion  of  peronais  fcrfim  to  hose  of  fourtli  meteteraalt  ae  well 

■a  ite  usual  insertion  into  the  fifth.    Also  in  No.  32. 
jr.  Bffriwer  hngm prim  intemodu  IkUlucis  tendon  given  off  from  that  of  extensor 

pmpHHtMbteit.  Alao  hi  Noa.  19  and  31. 
r.  Ahductor  haUuns  aent  a  luge  dip  to  base  of  fint  pbalanz  of  aeeond  toe. 

Mu.sriilpir  slip  from  coronoid  process  to  /texor pn^mdoM  d^gUontm.  Alao  in  the 

two  next  notices  in  the  same  column. 
b',  A  distinct  uid  separate  extensor  of  the  mitidle  digii :  in  the  next  notice  in  the  same 

cohnna  tbe  inikvlor  had  two  tendona,  both  biBaried  wto  Ibe  forefinger. 
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c'.   High  onpiti  of  ahdn^for  minimi  (Jirjifi  from  fasciri  of  forcHirrn. 

d\  Muscular  Blip  connecting  the  brachialts  anticus  with  tlio  supinator  hngits.   Alflo  in 

tho  next  notioe  in  the  ume  column. 
e\  Superfiehl  dip  oonneoting  the  two  portimw  otjkxor  brevis  po!Uei$. 
f.  Ori  gin  of  ttjflo^Ioanu  from  the  angle  of  the  lower  jaw. 
<7'.  Sulx'utanpous  slip  from  i«tf»rnnl  fnsria  to  rcrrif?il  fiisria. 

h'.  Mu-soulu-tx^ntlinoiis  slij)  {rrnn  Jiejtor  jtoUtvis  hat/m  to  indicial  portion  of  profundus. 
i\  Fieuor  earpi  radiulis  accestorim^  a  separate  muscle  connected  with  tho  origin  of 

longior,  to  be  inserted  into  the  hue  of  the  metacarpul  uf  poUex,  giving  a  slip  to 

abduet&r  poUioU. 

if.  Slip  otpecf oralis  minor  inserted  into  oo8to<ooracoid  membrane  and  claTiclo. 
i*.  Double  muBcle,  the  lower  inserted  into  annular  ligament  and  origin  of  abdueier 
foUicis. 

m'.  ^texor  longut  kaUueis  exchanged  slips  with  Jlexor  longus  digitorum, 

(/.  Flexor  brevis  halluci^  sent  •  largo  sUp  to  base  of  first  phalanx  of  seoond  toe. 

jp'.  Muscular  el ip  from  inF^crtinn  suhacapuJaris  to  the  neok  of  the  homenia  and  tendon 
of  ffjNssuint.f,  an  inii)orfeet  coraco'brarhiaiis  brevis. 

q'.  A  distinct  muscle  from  front  of  manubrium  to  lower  border  of  daTide,  under  fibrea 
ctf^eioraliB  major  (  StermihHavieular),  &ibokniu»  alio  piesent. 

f^.  Diftinot  moaole  anting  from  fimt  rib  widi  9lenio4h^roid,  and  inaerted  into  oerrioal 
fascia  under  sfemo-cMdo'maistoid  {cosfo-fascialis  cerficalis). 

»\  Mas/'Mlar  f>]ip  from  ftifissimus  dorsi  to  join  ccracQ'braekiaU§  ^va/b  below  eoraooid 
process,  acro^  the  vessels  of  the  axilla. 

('.  On  the  left  side  a  muscular  slip  from  braekiaUt  MiUms  to  the  fiitfcia  of  the  fore- 
arm; on  the  right  aide  a  Awifonn  mnade  fbrmhog  •  hjgfa  origin  of  tfiejiwaafor 
rad.  itres. 

u'.  Verforafu9,  tt^ntlon  of  littlo  toe  f rom     jvr  nrrn'soriv.t. 

v'.  Muscular  slip  from  spleitim  colli  to  aerratus  magtivs. 

V}'.  Third  lumbricalis  to  inner  side  of  middle  finger.   Fourth  absent  alrogoih^. 

Firrt  doTMU  inieromm  doable.  Alao  in  97. 
j^.  Tendinoaa  alip  from  jCetier  eorpt  srfiMrii  to  baie  «£/intrtk,  at  wall  a*  tiie  flftfa 
metacarpal 

Sepantion  of  anterior  flbrea  <tf  ^vteu$  MlnimtM,  forming  diilinot  mnielei. 

X.  "On  the  iMuscnliir  Arrangements  of  the  Bladder  and  Prostate, 
and  the  Tuaimer  hi  which  the  Ureters  and  I  rethia  arc  closed." 
By  James  Bell  Pkttiguew,  M.D.  EdiD.,  Assistant  in  the 
IVIuseum  of  the  Royal  College  of  Surgeons  of  England.  Com- 
municated by  Dr.  Sharfey.    Received  June  21^  1866. 

(Abstract.) 

The  present  eommimicatioD,  which  is  based  on  an  extensile  series  of  dis- 
sections* and  illnstratcd  by  photographs,  is  intended  to  show  that  the 
mnscokr  fibres  of  the  bhidder,  contrary  to  the  feoeived  opinion,  are  spiral 
fibres,  and  with  few  exceptions  form  fignre-of-S  loops.  The  loops  are 
varioualy  shaped,  aooordiiig  as  they  are  superficial  or  deep»  the  more  snper* 
final  loops  being  attenuated  or  drawn  ont  ao  at  to  resemble  longitudinal  or 

Of  ilieie  upwarda  ckf  aixty  ar«  prtasried  in  the  Moienm  of  the  Bqjil  ODllage  of 
SuTieeiia  of  Ai^and. 
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vertical  fibres,  the  deeper  ones  beiug  flattened  from  above  downwards^  and 

ri'^cfiibling  circular  fibres. 

•  These  loops  are  directed  towards  the  apex  aud  base,  and  ;ire  arranged  in 
four  sets ;  an  anterior  and  a  posterior  set  which  are  largely  de\  eloped,  and  a 
right  and  left  latenl  let  whidi  are  aeeesaory  and  less  fully  developed.  Ibe 
UAdd«r  is  eomequently  bilaterally  symmetrical. 

nieaaperfidallooiM  ara  eoQfined  principally  to  the  anterior,  posterior  or 
lateral  aapeets.  bnt  the  deeper  ones  radiate  and  expand  towards  the  apex 
and  haee,  io  that  thej  oone  to  emhraee  the  entire  cinmrnference  of  the 
bladder  in  these  directions.  The  expansion  of  the  fibres  is  greatest  towards 
the  apex,  and  the  aggregation  of  the  terminal  loops  of  the  anterior  and 
posterior  fibres  at  the  oenriz  (sssisted  by  the  lateral  fibres)  form  a  wsUp 
marked  sphincter  Tesiem  in  this  situation.  The  fibres  pursue  definite  but 
wybg  eonrsesi  those  which  are  longitudinal  or  vertical  at  one  point  be- 
coming  dightlj  oblique  at  a  second,  oblujue  at  a  third,  and  very  obHque  or 
transrerse  at  a  fourth.  The  fibres  consequentlj  change  their  direction  and 
position  on  the  Tencal  parietcs  grsdually  and  according  to  a  fixed  principle. 
The  principle  involved  is  readily  explained.  The  most  external  and  most 
internal  fibres  are  always  the  most  Tertical  and  most  feebly  derdoped ;  those 
which  succeed  or  follow  becoming  more  and  more  oblique  and  singer  and 
Strwyr.  The  fibres  from  this  circumstance  are  divisible  into  two  orders, 
viz.,  an  external  and  an  internal,  and  these,  as  has  been  stated,  are  grouped 
in  two  principal  and  two  subsidiary  sets.  The  two  principal  sets  occur  on 
the  anterior  and  posterior  aspects  of  the  viscus,  and  are  so  arranged  that 
the  terminal  or  transverse  portions  of  the  anterior  set  intersect  the  more 
vertical  portions  of  the  posterior  set  nearly  at  right  angles  find  the  reverse. 
Similar  remarks  apply  to  tlie  subsidiary  sets,  lietwecn  whnt  may  be  called 
the  vertirni  or  lonsritudinal  and  the  circular  or  transverse  nljins;,  other  fi])res 
having  ditlVieiil  ilegrees  of  o))liqnfty  occur.  These  consist  for  the  most 
part  of  tlic  (lcf  |M  r  interior  and  j)osteiior  spiral  fibres,  and  of  the  sub>i(liary 
spiral  tilin  <  tVfnu  the  sides.  Tlicrc  is  consequently  no  part  of  the  vesical 
parietes  in  wliich  lonj^tndinfll,  slightly  oblique,  oblique,  and  very  oblique 
external  and  internal  fil)rcs  may  not  be  found.  The  additional  strength 
secured  by  this  arrangement  cannot  well  be  estimated. 

The  external  and  internal  fibres  are  similarly  disposed  on  the  anterior, 
posterior,  and  lateral  aspect?,  aiul  if  the  rlissection  be  conducted  from  with- 
out inwards,  the  fibres  first  removed  are  the  mesial,  vertical,  or  longitudinal 
fibres  ;  then  the  slightly  oblique  fibres  inclined  on  either  side,  and  crossing 
at  acute  angles  as  in  an  attenuated  figure  of  8 ;  then  the  oblique  fibres, 
crossing  at  wider  vertical  angles  as  in  the  more  perfect  figure  of  8.  Lastly, 
the  ^ry  oblique  fibres,  crossing  at  such  obtuse  angles  as  to  have  been,  up 
•to  the  present,  regarded  as  dreular  fibres.  The  fibres  which  are  still  deeper 
and  which  eonstitute  the  proper  internal  fibres,  have  a  precisely  similar 
anangemanty  but  are  rudimentary,  and  consequently  not  so  readHy  traced. 
The  eatemal  and  interns]  fibres,  as  will  be  seen  ftom  this  dsseriptiooy  he- 
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come  mora  more  oblique,  both  from  utthoiit  and  from  witbiii,  or  in 
proportion  as  tbe  centre  of  the  verical  parietes  ii  reached,  the  deepest  or 
most  obliqae  external  and  internal  seta  forming,  by  the  blending  of  their  ter- 
minal or  transverse  portions,  what  is  commonly  known  as  the  central  layer. 

The  most  eiternal  or  superficial  fibres  are  connected  directly  and  in- 
directly with  the  slightly  oblique  external  fibres,  the  slightly  oblique  with 
the  oblique^  and  tbe  oblique  with  the  Tcry  oblique.  The  very  oblique  ex- 
ternal fibres,  on  the  other  hand,  are  connected  with  the  obltqne  internal, 
these  in  their  turn  being  connected  with  the  d^htly  oblique  internal,  and 
the  slightly  oblique  internal  with  the  longitudinal  or  vertical  internal.  In 
some  instances  the  longitudinal  external  are  connected  direcdy  Tfith  the 
loDgitudinal  internal,  and  so  of  the  slightly  oblique,  oblique,  and  very  oblique 
external  and  internal  fibres. 

The  apex  and  bnsc  of  the  bladder  are  similarly  constructed,  and  resem- 
ble in  their  general  configuration  the  other  portions  of  the  vesical  walls ; 
t.  e.,  they  are  composed  of  longitudinal  or  vertical,  slightly  oblique,  oblique, 
and  very  oblique  or  circular  fibres  which  cross  in  given  directions  on  the 
external  and  internal  surfaces. 

The  four  sets  of  lonfttttulinnl  or  vertical  fibres  Imvc  a  crucial  arrangement 
at  tlic  apex  and  bflj'C,  ami  the  slightly  oblique  tibres  ore  drawn  together  at  the 
uraclnis  and  cervix  by  tlie  constrictions  which  in  the  embrjo  separate  the 
blnfMcr  trum  the  allantoic  and  urethra.  The  slightly  oblique  fibres  conse- 
quently convcr<];e  towar<i»  til  "  njiex  and  ))a'?p  respectively  ;  and  this  arrange- 
ment at  the  cervix  greatly  assists  in  closing  the  urethra,  as  the  fibres  naturally 
come  together  to  form  an  impervious  funnel-sliapcd  projection  which  is  di- 
rectocl  downwar^ls  and  forwards.  The  closure  of  tbe  urethra  is  completed  by 
the  tuiitraction  of  the  very  obliqtic  or  circular  fibres  forming  the  sphincter, 
and  by  llic  pi  ouiinenec  of  the  uvula  vcsicoc  (Inette  vesicale)  and  median  ridge 
in  the  female,  aad  the  caput  galiinagiuis  or  verumontanum  in  the  male. 

The  longitudinal  or  vertical,  slightly  oblique,  oblique,  and  very  oblique 
external  and  internal  fibres  at  the  base  are  continued  forward  witlnn  the 
prostate  to  the  membnmous  portion  of  the  urethra,  and  the  external  and 
intemil  snrlaoes  of  the  corpus  spongiosum. 

Tbe  coats  of  the  urethra  are  therefore  to  be  regarded  as  the  proper  oon- 
tinuation  of  the  walls  of  the  bladder  in  an  anterior  dinetion. 

The  longitudinal  or  vertical,  slightly  oblique*  oblique,  and  very  oblique 
spiral  fibres  which  form  the  tunics  of  the  bladder  and  urethm  are  curiously 
enough  repeated  in  the  prostate  of  the  msle^  and  tbe  anslogous  structure 
tt  the  female,  so  that  this  gland  would  seem  to  be  composed  chiefly  of 
fibrous  offsets  from  the  fibres  in  question. 

The  relations  existing  between  the  prostate^  urethra,  and  cervix  of  the 
bladder  are  best  seen  when  Tcrtical,  horisontal,  and  antero-poateriof  or 
transverse  sections  of  the  bladder  and  prostate  are  made. 

In  such  sections  the  external  longitudinal  or  vertical  anterior,  posterior, 
and  hitenl  fibres  are  seen  to  pass  fbrward  on  tbe  external  inifiiee  of  the 
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urellm)  a  eertttn  proportion  pasnng  oohrirdB  to  be  inserted  info  tlie 
anterior*  poetcrior,  and  lateral  aarfaeei  of  the  eapeule  of  the  prostatic  otherg 
paaang  mwards  or  throngli  the  gland  in  a  Tertical  or  longitudinal  and  like, 
wiae  in  a  horiiontal  or  transrerBe  direction.  The  erucial  arrangement  of  the 
ibnr  seta  of  eitemal  fibrea  at  the  apex  and  baae  is  thus  clearljr  traoeable  in 
the  prostate.  Such  of  the  external  fibres  as  are  not  inserted  into  the  eapsule 
of  the  prostate  are  attached  to  the  posterior  surface  of  the  pubis,  the  internal 
border  of  the  aponeurosis  of  the  levator  ani,  and  the  fascia  corering  Guthrie's 
mnsele*  The  external  fibres  investiDg  the  dorsal,  YCntral,  and  lateral 
aipects  of  the  urethra  and  prostate  are  separated  by  a  conndenble  interval^ 
thus  showing  that,  although  the  relations  existing  between  the  urethra  and 
prostate  are  of  the  most  intimate  description,  they  may  nevertheless  be 
regarded  as  independent.  What  lias  been  said  of  the  external  longitudinal 
fibres  applies  equally  to  the  slightly  oblique^  oblique,  and  very  oblique 
external  and  internal  ones,  these  bifurcating  and  distributing  themselrea 
with  considerable  regularity  to  the  walls  of  the  urethra,  and  the  substance 
of  the  prostate  respectively.  The  urethra  and  prostate  are  thus  com* 
posed  of  fibres  crossing  in  every  direction  as  in  the  bladder  itself. 

The  very  oblique  external  nnd  internal  fibres  are  interesting  because  of 
the  very  obtuse  angle?  nt  -^vhirh  they  interseet,  aiul  because  they  arc  prin- 
cipally concerned  in  forming  tiie  sphincte-  of  tlie  bladder,  and  the  so-called 
circular  Inver  of  the  prostate.  The  very  (ilili(|ut  fibres,  like  the  other  fibres 
described,  are  arranged  in  an  anterior  and  a  posterior  set,  which  arc  largely 
developed,  and  a  right  and  left  lateral  set,  whlcli  are  developed  less  feebly. 
The  anterior  fibres,  which  are  directed  posteriorly,  form  the  posterior  half 
of  the  sphincter  vesiere,  and  (he  posterior  fibres,  which  have  an  opposite 
direction,  the  anterior.  The  sphincter  is  thus  bilaterally  sviniiu  trical,  and 
is  somewlifit  o\ul  in  shape,  the  long  axis  being  directed  transM  i  si  ly,  or 
from  side  to  side.  The  two  sets  of  lateral  fibres,  which  also  enter  iiiLu  the 
formation  of  the  sphincter,  intersect  the  angles  formed  by  the  crossing  of 
the  anterior  and  posterior  fibres,  and  render  its  aperture  more  circular  than 
it  would  otherwise  be.  This  drcnmstaiice,  taken  in  connexion  with  the 
fact  that  the  fibres  pursue  a  very  oblique  direction,  has  given  rise  to  the 
belief  that  the  fibres  of  the  spliincter  and  neck  of  the  bladder  generally  are 
circular  fibres,  which,  as  the  author  shows,  is  not  the  case*  The  fibres  of 
the  sphincter  are  best  seen  by  iuTcrting  the  bladder  and  dissecting  from 
within,  or  by  nuking  transverse  sections  of  the  prostotic  portion  of  the 
urethra  in  the  directieii  of  the  fundus*  They  are  most  strongly  pro* 
nouneed  at  the  cervix,  but  are  continued  forward  on  the  urethra  and 
backwards  into  the  bladder*  In  the  female  they  extend  even  to  the 
meatus  winarins.  The  veiy  oblique  or  circular  fibres  of  the  urethra  are 
separated  firom  the  onrresponding  fibres  of  the  prostate  by  the  longitudinal^ 
slightly  oblique^  and  oblique  fibres  forming  the  outer  hslf  of  the  urethral 
wall  and  the  inner  portion  of  the  prostate.  The  interval  is  particularly 
evident  at  the  etxyix$  where  the  sphincter  is  most  distinctly  pronouBeeds 
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ind  bare  the  two  leti  of  very  oblique  or  cireolar  fibra  haTe  diffBrenl  mm. 
Farther  forward^  or  towards  the  apex  of  the  prostate^  the  space  gradoaUj 
diminiihee^  the  circniar  fibres  of  the  gland  eurring  in  an  upward  direetkni 
into  the  reramontauam  or  caput  galHnagiois,  and  blending  with  the  cimdar 
fibres  of  the  urethra.  "Whil**,  therefore,  the  very  oblique  or  circular  fibm 
of  the  urethra  are  entirely  distinct  at  one  pouit,  they  are  andissoliibty  united 
at  another.  This  is  important,  as  it  shows  how  the  sphincter  may  act  in^ 
dependently  of  the  prostate,  and  the  rererae. 

The  longitudinal  or  vertical  internal  fibres  posteriorly,  connect  the  me* 
dian  or  central  portion  of  the  trigone  (trigone  vesical,  trigonum  Tericae, 
Lieutaud)  with  the  verannontanTim  in  the  male,  and  t)ic  u'rula  and  mediaa 
ridge  in  the  female.  The  slightly  oblique  internal  fibres  bound  the  trigone 
laterally,  and  are  continued  into  the  verumontanum,  where  they  crosa 
slightly.  The  oblique  fibres  which  assist  in  forming  the  base  of  the  trigone, 
are  likewise  continued  in  a  downward  direction  on  the  Terumontanum,  where 
they  cross,  and  are  mixed  up  with  the  continuations  of  the  very  oblique 
fibres  which  form  the  sphincter  at  the  neck,  and  with  the  circular  fibres 
of  the  pro<tnfp.  The  arrangement  of  the  fibres  in  the  trigone  rp«^pmblea 
that  i'uiuii]  at  the  cervLx  aud  f  undus  generally,  and  the  author  is  of  ojiinion 
that  Sir  (  li  irles  Bell  was  in  error  when  he  described  the  "muscles  of  the 
ureters  ' '  as  separate  structures. 

The  ureter*  enter  the  vesical  parietes  at  a  very  obtuse  an^le,  and  the  an^le 
increases  aceorduig  to  the  degree  of  distension  of  the  bladdi  r.  These  tubes 
receive  accessions  of  fibres  from  the  longitudinal,  slightly  oblique,  oblique, 
and  very  oblique  exteraal  and  internal  fibres  of  the  bladder  in  their  vicinitr, 
and  are  continued  upon  each  other  witliin  the  1)1  adder  iu  the  form  ot  a 
j-t  roii«r  transverse  band.  The  transverse  baml  which  connects  the  ureters 
togLthcr  within  the  bladder,  or  between  the  uretral  orifices,  is  equal  in  vo- 
lume to  the  ureters  themselves  within  the  vesical  parietes.  The  band  iu 
question  is  best  seen  when  the  base  of  the  bladder  is  detached  and  held 
against  the  light,  and  seems  to  he  formed  by  the  obliteration  of  the  uretral 
tubes  between  the  nretral  orifices. 

The  uretral  channels  seek  the  mtemal  snrftce  of  the  bladder  era  moi* 
obliquely  than  the  ureters,  and  the  Imier  walls  of  the  ureters  beeome  so 
thin,  particnlarly  towards  the  nretial  orifioes,  that  they  act  meehanieally 
as  moveable  partitions  or  Talvei^  as  in  the  smaller  Tdna*.  Hie  oanals 
of  the  ureters  are  consequently  dosed,  partly  by  the  oontractioiiB  of  the 
muscaUr  walls,  and  partly  by  the  mechanical  pfessm  eierdsed  by  the 
urine  about  to  be  expelled. 

From  the  foregoing  description  it  will  be  evident  that  the  various  sets  of 
external  and  internal  fibres  forming  the  bladder,  urethra,  and  prostate  are 
aatagonistie,  not  only  as  regards  themsetves,  but  also  as  r^rds  the  territoiy 
or  region  they  occupy ;  the  loops  formed  by  the  anterior  fibres  crossing 

*  "  On  the  Belaticnt,  Strueturt^  and  Tactions  of  th«  Yalm  of  tbe  Vaaeular  Svttani 
4in  Tfrlelifata,"  by  tfa«  infiior,  Trana.  Boy.  Boe.  Bdln.  p.  708. 
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each  other  at  more  or  less  acute  angles  according  to  their  depths,  the 
anterior  fibres,  as  a  whole,  crossing:  the  posterior  or  homologous  tit  ires  as 
a  whole.  While,  therefore,  tlie  fibres,  in  virtue  of  their  twisted  looped 
arrangement,  antagonize  each  other  individnally,  the  aggie<^atioii  of  the 
fibres  in  any  one  region  check,  antagonize,  aiU  coordinate  a  f.iniiliir  aggre- 
gation of  fibres  at  an  opposite  point;  the  anterior  fibres,  e.g.,  actinjr  on 
thepotterior,  and  the  right  lateral  upon  the  left  lateral.  This  arrange- 
incnt,  which  is  pfodnctife  of  great  strength,  ensures  tiiat  the  external  and 
IntenNd  fibres  shall  act  in  wiisoii  or  together,  and  fully  e\)  hans  the  views 
of  the  older  anstomlsts,  who  described  the  bladder  as  consisting  ot  iibres 
crossing  in  CTCfj  difcction,  and  forming  ao  intrioite  network.  It  likewise 
accords  with  the  more  modem  opinion,  that  the  fibies  of  the  bladder  may 
be  divided  into  strata  or  layers. 

The  fibres,  when  their  points  of  attaehment  are  taken  into  consideration, 
can  only  contract  spirally  from  above  downwards,  and  from  without  in- 
wards; they  in  fact  oonTerge,  or  close  spirally  in  the  direction  of  the 
eenris,  which  may  be  said  to  diverge  or  open  in  an  opposite  direction  as 
the  contraction  proceeds*  As  a  result  of  this  twisting  movement^  the  nrine» 
like  the  blood,  is  projected  spirally*. 

Finally,  the  fibres  of  the  bladder,  urethra,  and  prostate  pursue  at  least 
seven  well-marked  directions ;  the  fibres  crossing  with  remarkable  precision 
at  wider  and  wider  angles,  as  the  central  portion  of  either  is  reached,  as 
in  the  left  ventricle  of  the  vertebrate  heart  f.  In  fact,  the  fibres  of  the 
bladder  and  heart  have  a  strictly  analogous  arrangement,  and  tbe  author 
is  inclined  to  believe  that  functionally  also  they  possess  points  of  re* 
semblance.  Very  similar  remarks  may  be  made  regarding  the  Structure  and 
functions  of  the  stomach  and  nterus. 


XI.  "  Besnlts  of  the  Magnetic  Observations  at  the  Kew  Ob8er\  atory. 
.  — No.  III.  Lunar  Binmal  Variation  of  the  three  Map^ietic  Ele- 
ments.*'   By  Licat.-Geueral  Edwahd  Sabine,  r.li.S.  lie- 
ceived  June  21^  1866. 

(Abstract.) 

The  subject  of  this  paper  ii  the  lunar-diurnal  variation  of  the  magnetic 
deelioation  and  of  the  horizontal  and  vertical  contjionenta  of  the  magnetic 
force,  derived  from  a  seven  years'  seri(  s  of  photographic  records  obtained 
at  the  Kew  Observatory  between  January  I,  1858  and  December  31,  IHGI. 

The  discussion  which  it  contains  has  for  its  objects — 1st,  to  exemplify 
the  consistent  and  sy^sltuiatic  character  of  the  liuiar-diumal  iuiluence  thus 
derived ;  and  2ndly,  to  serve  both  as  a  guide  aud  as  an  encouragement  to 
the  several  establishments  at  home  and  abroad  which  have  adopted,  or  are 

»  Op.  oV.  p.  704. 

+  "On  the  arn<r>ep'nr>nt  of  tb'^  >T>ifeoulnr  FiV<rf>«  in  tlie  YentriolM  of  the Teriebrato 
Heart, '  bj  the  author,  FhiL  Tnuis.  p«rt  iii.  1864.  p.  451. 
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adopting  tbe  Kew  metHods  of  magnetic  investigation.  The  completeness 
of  the  photographic  process  is  shown  by  the  fact,  that  of  175,344  hourly 
potilioos  which  shoul  d  !  nve  been  recorded  in  the  intenral  under  notice^ 
there  were  only  1497  failures  from  all  causee  whatsoever ;  and  even  of 
these  few  a  considerable  portion  is  shown  to  be  due  to  the  employment  of 
the  instruments  in  other  experimental  investigations*  The  paper  contains 
a  full  statement  of  the  processes  of  tabulation  from  the  photograms,  and 
of  the  different  stages  of  reduction  through  which  the  tabulnr  results 
were  passed,  for  the  purpose  of  deriving  from  them  the  facts  connected 
with  the  Innnr  influence  on  the  terrestrial  magnetic  elements.  A  lunar- 
diurnal  variation  is  showu  to  exi-t  in  each  of  those  clpment?, — of  vt  ry 
small  amount,  but  having  pemlinr  an  1  well-raarkcd  systcmalic  cliaiao 
tcristic?.  It  is  further  shown  that  these  characteristics  ])resent  a  similarity 
and  ncconlaiice,  wliich  it  is  impossible  to  regard  as  accidental,  with  the 
results  obtainrf]  at  several  other  and  widely-se|mrntcd  localities  iu  the 
middle  latitudes  of  both  hemisphere?,  as  for  example  at  Ilobarton,  Toronto, 
Philadelphia.  Pckin,  and  the  Cnpe  of  Ciood  Hope.  A  magnetic  variation 
shown  to  be  tlms  obviously  dependent  upon  the  moon's  position  relatively 
to  the  terrestrial  meridian,  and  agreeing  in  its  principal  features  in  such 
various  localities,  is  urged  by  the  auilior  as  being  a^crIbable  with  great 
probability  to  the  direct  magnetic  action  of  the  moon,  made  sensible  at  the 
surface  of  the  earth  through  the  production  of  phenomena  which,  in  the 
present  state  of  our  knowledge  as  regards  the  magnetism  both  of  the  earth 
and  of  the  moon*  it  is  as  yet  difficult  wboUy  to  explain,  but  wbidi  are  likely 
to  lead  to  a  considerable  advance  of  onr  knowledge  in  botb  these  respects. 

Tbe  furtber  prosecution  of  the  inTestigatiou,  botb  at  Kew  and  ebw- 
wbere»  is  recommended  as  highly  deserving  tbe  attention  of  tboae  wbo 
occupy  tbemselres  in  tbe  pursnits  of  indnctiTO  philosophy. 

Communications  beceivkd  binge  the  eno  of  the  assBioN. 

I.  ''On  the  Congelation  of  Animals."    By  John  Davy,  M.D., 
F.R.S.,  &e.    Received  July  19, 1866. 

In  a  very  interesting  and  elaborate  paper  by  M.  Puget,  entitled  "Snr 
la  CongtHation  des  Animaux,'*  published  in  tbe  *  Journal  de  rAnatomie  et 
de  la  Physiologic,'  the  Number  for  January  and  February  of  this  year,  be 
refers  to  a  statement  of  mine,  made  many  years  ago*,  that  the  leech  may 
be  frozen  without  loss  of  life.  Tbe  experiments  which  he  has  instituted, 
and  which  appear  to  have  been  conducted  with  great  care,  have  led  him  to 
an  opposite  conclusion,  viz.  that  congelation  is  not  only  iatal  to  the  leech, 
but  to  animals  generally,  without  a  single  exception.  He  considers  tbe 
cause  of  death,  the  vera  causa,  to  use  his  own  words,  to  be  an  altered  con- 
dition of  the  blood.    In  consequence  of  this  statement,  I  thought  it  njgbt 

*  Seaearohai,  ihjpml,  and  AmL  iL  p.  1:21. 
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to  fcpeat  the  etperiineiits  on  Uie  leedi,  and  to  extend  them  to  Mmie  ndier 
animals.  Thcj  were  begmi  at  Oxford  in  Hay,  in  the  laboratoiy  of  Fro* 
Aisor  Bolleston,  with  the  kind  aawetance  of  Mr.  Edward  Chapman  and 
Hr.  Robertson ;  and  lince  then,  in  the  followmg  month,  they  have  been 
eoBlinned  at  home  in  WeBtmoreland. 

At  Oxford  the  trials  were  made  on  leeches  and  frogs ;  at  hom^  on 
these  animals^  and  on  the  toad  and  some  insects.  The  freesing  mixture 
was  made  of  pounded  ice  and  common  salt ;  the  temperatnre  by  it  was 
commonly  reduced  to  below  IQP  Fahr.,  or  at  times  bo  low  as  2^  or  3^.  The 
results  obtained  were  briefly  the  following  . 

1.  A  leech  was  exposed  to  the  mixture  in  a  small  glaM  tube  just  la^ 
enoagh  to  hold  it,  using  the  tube  for  stirring  the  mixture.  Taken  out 
when  perfectly  rigid  and  hard,  and  gradually  thawed,  it  showed  when 
ponctured  a  faint  indication  of  irritability  ;  there  was  a  just  perceptible  con- 
traction of  the  part  pnnctored,  the  oral  extremity,  and  nowhere  else.  It 
did  not  reyive. 

2.  Another  leech  was  similarly  exposed,  but  for  a  shorter  time.  'When 
divided  by  an  incision,  it  was  found  not  frozen  throughout.  When  punc- 
tured, it  showed  marks  of  irritability  in  a  slight  degree  stronger  than  the 

preceding:  it  soon  died. 

3.  Two  leeches  were  similarly  treated  at  home,  and  for  a  somewhat 
lonjrer  time  ;  the  tempcrntnro  reduced  to  3°,  These,  when  gradually 
thawed,  one  exposed  to  the  air,  tlie  uther  left  in  the  niixfuro,  showed  no 
marks  of  revival ;  but  they  retained  a  certain  elasticity,  so  that  when  bent 
they  shortly  recovered  their  former  attitude,  after  a  manner  somewhat  re- 
sembling a  vital  movement ;  but  inasmuch  as  they  did  not  res})ond  by  the 
slightest  contraction  to  juncture,  it  may  be  inferred  that  the  movement 
was  not  vital.    They  resisted  putrefaction  for  many  days. 

4.  A  frog  in  a  thiu  glass  vessel  was  kept  in  the  mixture  about  a  quarter 
of  an  hour.  It  was  very  rigid  when  taken  out  ;  tl  iauc  t],  no  part  on  punc- 
ture afforded  any  indications  of  life;  waLciicd  two  or  Lliiee  houii  iL  proved 
to  bo  (It-ad. 

J.  The  heart  of  a  frog,  removed  immediately  after  decapitation,  whilst 
still  pulsating,  was  subjected  to  the  freezing  mixture  in  a  small  glass  tube. 
After  having  been  frosen,  on  thawing  it  remained  motionless,  even  when 
pnnctnred.  It  had  been  kept  in  the  mixtnre  only  a  few  minutes. 

6.  The  inferior  extremities  of  a  frog  kept  extended  by  a  bandage  and 
thus  introduced  into  a  glass  tube,  were  submerged  in  the  mixture,  the  body 
of  the  frog  being  held  in  the  warm  hand ;  tiien  out  after  some  minutes 
they  were  quite  hard  and  motionless,  whilst  the  body  and  upper  extre- 
mities did  not  appear  to  be  affected.  It  moTcd  about,  dragging  the  lower 
extremities  as  if  they  were  dead.  In  about  four  hours  it  recovered  the  use 
of  its  femoral  muscles;  on  the  following  day  the  use  of  the  muscles  of  the 
kigs ;  the  day  after  it  was  able  to  bend  and  extend  these  limbs ;  but  there 
was  no  proof  that  its  feet  had  reeorered  aensibility.  On  the  fourth  day  it 
was  found  dead. 
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7.  The  lower  extremities  of  a  large  toad  were  immersefl  in  direct  contact 
with  the  niixturet  the  temperature  falling  to  3^.  Gradaallj  thawed,  the 
parts  showed  no  marks  of  life.  This  toad,  which  before  the  trial  was  in 
*didl  ttate,  aflerward  became  almost  torpid,  and  so  continued  until  the  fol* 
lowing  morning,  when  it  was  apparently  dead :  opened,  the  aaridet  wera 
found  feebly  acting,  ceasing  after  a  few  seconds 

8.  A  similar  exi)ori!ncnt  wa^j  made  on  the  lower  extremities  of  an  active 
frog,  and  with  a  similar  result,  except  that  the  viv?icity  of  the  animal  was 
for  a  short  time  but  little  impaired  :  after  four  hours  it  was  ap])arently 
dead;  opened,  its  auricles  contracted  when  punctured.  It  may  be  right 
to  mention  tliat,  before  exposing  the  toad  and  froc^  to  the  freezing  mixture 
in  direct  cunlact,  it  w^s  ascertained  that  the  frog  liore  the  immersion  of  its 
lower  extremities  in  a  saturated  solution  of  common  salt  without  any  appa- 
rent loss  of  sensibility  or  niuine  powerf. 

9.  The  lower  extreinities  uf  an  active  frog  of  alarge  size  were  wrapped  in 
tiii-fuil,  and  together  with  one  of  its  upper  extremities  not  so  wrapped,  were 
kept  in  a  freezing  mixture  about  a  quarter  of  an  lioiir.  The  In^zeii  parts  in 
thawing  showed  no  marks  of  life.    The  frog  died  m  about  three  hours. 

*  Tbn  totd  WM  a  fimuds  whieh bad  shed  her  ova;  the  ovidnotwM  still laffS ;  tha 
stomach  was  distended  with  caterpillars,  slugs,  &c.,  seeming  to  show  that  tliers  WSS  Qd 

cH»rn-nM'!  ^tato.  It  is  noteworthy  tlmt  \ho  uportiirot  of  the  cutaneous  gland.s  nppenrefl 
to  bo  clo.-k^d ;  for  when  the  aniiiml  wuh  irritftted  there  \r!\«  nn  ejwtion  ol' the  acrid  fluid, 
a  circumiitauce  I  bad  before  uoLioed  iii  a  feuialti  during  the  breeding*«ea«on,  Bug* 
gertifs  of  aoqnditton  of  sur&es  ftfoutabls  to  Ifas  msla  in  the  gwwaUtesflt  When 
tiis  tttberdes  wtra  inoissd,  tiuj  were  found  to  contsm  the  aerid  floid  ia  pleaij,  wood 
judging  from  its  bitter  taste,  and  the  irritating  effects  of  an  extreraelj  small  portion 
applied  to  the  tongue,  not  defifMcnt  in  activity.  The  same  state  of  the  cut!cul»r  glands 
was  found  in  another  female  toad  killed  hj  oongelation,  which  had  shed  few  ol  its  om, 
— this  on  the  23rd  of  Jonsb  It  was  of  a  U^tsr  ooloar  tiiaa  usnsL  It  was  found  ltte> 
viss  in  two  easaiined  ia  Juty,  in  which  soma  ova  isBainsd. 

t  ThssfliMt  of  immersion  of  the  lowMf  SKtremities  of  a  firog  in  a  eatuntsd  solution 
of  common  salt  yarieH,  T  find,  according  to  the  length  of  time ;  if  for  n  very  few 
minutee,  it  is  inconsidcruble  ;  i  l<>r  many,  it  is  well  markf-d  ;  and  if  much  pro- 
longed it  IB  fatal.  In  one  instance,  after  a  quarter  of  an  iiour'a  immersion,  the  limbs 
asamed  pandysed,  flis  soinul  in  a  state  approadung  to  totpor ;  ttfter  baring  bssn  wbH 
WBshad  in  frsili  watsr  it  slowly  isoovrnd  its  aetiTity,  and  tiis  Umbs  flmr  motivt 
power  and  SHIsibilttj;  the  motiTe  power  first,  their  sensibility  later ;  indeed  not  lutil 
the  followinj»  morning,  judging  from  the  effect.'*  of  puncturi .  \fter  a  lonjjer  immersion, 
witii  a  fatal  result,  tlie  iimbn  had  become  rigid  and  gomewkut  hard,  e»ipecialij  the 
feet,  as  if  then:  juices  had  been  extracted  hj  osmotic  action.  Opened  after  thres 
boom,  even  the  auricles  were  motionlees,  and  this  when  punctured.  The  mnsoles  of 
lha  Hmbt  no  longer  showed  a  striated  stniotors^  wbOst  thoss  of  ths  uppsr  astisarftiss 
diepUyed  this  structure  distinctlj. 

The  toiid  with  a  thicker  skin  was  found  to  boar  the  immersion  of  its  extremities  for 
a  longer  time;  but  the  ditferenco  seemed  to  be  only  in  d^ree;  much  longer  con- 
iiaued,  the  same  effects  were  produced,  viz.  rigiditj,  with  Ion  of  motion  and  sensibilityi 
wbioh  (ths  immetsion  not  being  too  long)  wws  slowly  leoorered  alter  Dradi  water 
ablation. 

The  blood-corpoBcles,  acted  on  by  the  same  solution,  underwent  n  f^hantrp,  contrast* 
ing  slightly,  *nd  aoquiring  a  granular  appearaooe,  commmoing  in  their  nuclei. 
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10.  A  codotoaeb,  a  fleth-ily,  and  a  minnta  iiiMet»  an  iehnenmon  * 
{OMtmu  n^ftrX)^  confined  togrther  in  a  small  glaia  tabflb  were  kept  some 
minutes  in  the  niixtura.   Thawed,  they  were  found  all  thiee  dead. 

These  results,  so  far  as  the  particular  instances  are  concerned,  m  suffix 
ciently  confirmatory  of  M.  Puget's,  and  on  my  mind  they  leaTe  litda 
doubt  that  his  general  proposition  (his  inference  from  his  very  numerous 
experiments)  is  correct,  that  congelation  is  fatal  to  animal  life.  It  is 
hardly  worth  while  to  attempt  to  account  for  the  different  conclusion  I 
had  come  to,  that  referred  to  by  him  relative  to  the  leech,  it  being  parflj 
founded  on  the  fact  that  leeches  which  had  been  enveloped  in  ice  for  many 
days  were  not  thereby  killed,  and  partly  on  witnessing  some  marks  «>f 
yitality  in  leeches  which  were  belieTed  to  have  been  artificially  froMn»  and 
which  very  soon  after  died. 

"Whilst  admitting  that  congelation,  thorough  congelation  of  an  animal  is 
incompatible  wirli  litV,  tlip  cause  of  dentli  from  congelation  seems  open  to 
question,  and  more  especially  that  assigned  by  M.  Paget  as  tlie  vera  rausa, 
a  cliauge  in  the  blood,  and  chiefly  in  its  corpu^ck^.  That  these  corjiusrles 
are  cliRnged  by  freezmg  in  form  and  condition  beemb  to  be  certain.  Before 
seeing  M.  Puget*8  paper  T  bad  ascertained  the  fact,  and  not  only  that  the 
corpuscles  were  changed,  but  also  that  the  entire  liloud  was  to  some  extent 
altered,  leadnig  me  at  the  time  to  ask  whether  some  of  the  injurious 
effects  of  frost-bite  may  not  be  mainly  owing  to  the  freezing  of  the  blood, 
and  the  changes  in  consequence  in  the  corpuscles  and  in  a  less  degree  in  the 
fibrin  t  i  and  since,  in  examining  the  blood  of  the  animals  exposed  to  the 
freezing  mixture,  I  havr  had  tins  confirmed;  but  the  change  in  these  in- 
stances was  comparatively  slight,  even  in  those  ul"  Llie  congealed  Umbs  of 
the  frogs  and  toad  the  majority  of  the  corpuscles  appeared  little  altered ; 
some  few  seemed  ruptured,  some  corrugated,  and  more  contracted. 

Judging  from  the  effiect  of  congelation  on  the  heart  of  the  firog  in  ex- 
periment No.  5,  and  from  tlie  effects  of  congelation  partially  produced^  ai 
in  the  extremities  of  the  hog  and  toad,  I  would  rather  attr9>nte  the  death 
to  the  ftcenng  of  the  organs,  not  exdnding  the  hIood»  than  to  the  freeiing 
of  the  blood  alone ;  and  I  would  ask,  is  not  tlus  new  most  in  accordance 
with  the  pathology  of  the  subjL  ct,  with  all  that  we  know  of  frost-bite  and 
its  conse^jnences  in  man,  and  with  the  results  of  Mr.  Hnnter^s  experiments 
on  the  local  effects  of  congelatioii  in  animals — those  on  the  ear  of  the 
rabbit  and  wottle  of  the  cockt  T  and  do  not  some  even  of  M.  Fugef  s  results 


*  Vorthsusins  offhisinaectlamindebtedtoDr.  Ony»FJLS.  It  was  aelsotod  cn 
aoeonnt  of  its  nunoteneM :  it  weighed  hardly  ^  of  a  grain ;  it  seemed  profaabla,  on 

af!Count  of  the  minuteness  of  its  Te>st"ls,  that  its  fluids  might  escape  congelation  after 
the  manner  of  fluid'^  in  rupiliary  tubes,  which  may  be  reduced  many  degrees  in  tempera* 
tare  witliout  being  froien, 

t  Pbysiok)gioal  Bflaaorehes,  1668.  p.  371.  See  alao  Tnns.  Boyal  Sooiety  oT  Sdin- 
burgh,  1865,  roL  xxrr.  p.  26. 

;  PhilTkatie.l778,p.a4. 
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give  It  support,  such  as  the  opacity  of  the  crystalline  lens,  he  admitting 
that,  were  it  possible  for  an  animal  to  revive  after  complete  con<^elation,  it 
would  be  blind  from  cataract  ?  Now,  it  the  crystalline  len?,  if  tlie  blood- 
corpuscles  suffer  niifl  undergo  an  appreciable  chnn2;e  fVoni  congelation,  it 
would  he  rerv  remarkable  indeed  did  not  the  brain  and  iiL-rvts,  and  the 
origans  irenerally  suffer  from  the  same  cause,  and  exptrience  clmnges  in- 
compatible with  life.  In  tbe  instanre  of  man,  we  know  that  a  certain  re- 
duction of  his  temperature  merely,  not  reaching  to  congelation,  suffices  to 
extinguish  life*,  and  tlnit  in  the  nistances  of  other  animals,  esperinllv  the 
hybernating  and  insects,  a  moderate  reduction  occasions  torpor,  enJuig  in 
death  if  too  prolonged.  That  the  organs  generally  suffer  from  conjrelation 
M.  Puget  himself  admits,  as  expressed  in  the  subjuuud  paiagiapht.  I 
have  found,  too,  that  Llic  uiuscle.s,  after  liavinp;  been  frozen,  exhibit  a 
marked  ciiuugc ;  thus,  iii  one  instance,  that  of  a  liog,  in  which,  after  de- 
capitation, au  upper  and  lower  extremity  were  frozen,  the  muscles  of  these 
limbs,  when  thawed,  compared  with  those  which  had  not  been  frozen, 
iliowed  %  w«n*iii«rked  difference  under  tbe  microscope.  Thai,  whilst  in 
the  Utter  the  striated  structure  was  yeiy  distinct,  in  the  former  it  was  no 
h>nger  vistble ;  and  after  a  few  hours,  yiz.  on  the  foUowing  morning 
whilst  the  unfiroien  muscles  had  undergone  no  perceptible  sitemtion*  those 
which  had  been  froien  had  become  of  increased  tenderness,  yielding  to  a 
slight  rending  foroe,  and  breaking  short,  as  if  the  coherence  of  theparttdes 
forming  the  ftscicnli  was  greatly  diminished. 


II.    Letter  to  the  President  from  Lieat.-Colonel  Walker,  R.E.^ 
E.R.Sv  Supenntendent  of  the  Tngonometrical  Survey  of  India/' 

Dehra  Doon  via  Bombay,  iJlst  M:ij",  1866. 
My  dear  Gknkral., — Captain  Base>i  has  just  returned  to  my  head 
quarters,  ou  the  close  of  the  operations  of  hx6  lir^t  hcid-^ea^oii  with  the 
pendulums. 

You  will  be  glad  to  hear  that  his  progress  has  on  the  whole  been  Tery 
satisfactory.  At  the  outset  he  met  with  numerous  difficulties ;  the 
Ticuum  apparatus  was  very  troublesome,  the  air-pump  constantly  getting 
out  of  order,  and  the  receiver  as  constantly  leaking.  It  is  very  easy  fur 
philosophers  to  suggest  improvements  and  refinements  in  the  modut 
operandi  of  such  operations,  but  it  is  not  so  easy  to  carry  them  out  prac- 
twally.  Capt.  Basevi  has  undergone  a  great  amount  of  labour  and 
anxiety,  but  he  has  snccessfuUy  surmounted  all  his  difficulties. 

*  In'^taiKVs  have  nmirred  in  Iho  Lake  Di^^tru-t  of  jx^rsnns  who  hare  perished  on  tho 
hills  troiu  prolonged  expasure  to  strong  wind  and  rnin,  siormstricken,  in  the  language  of 
llie  OOUntrj. 

t  *' . . .  Lft  oong^ion  eompUte  a  mdnM  si  profondtoent  Mt^  ks  tiimu  da  Tor- 

ganUme  que  quand  I'aniqMll  est  tool  k  ttolL  d^gole,  Kon  corps  est  flasque  ot  raou,  M 
oristaUins  aont  blaoM  et  opagac^  ci  •ovrcnt  s*  eoloration  est  tout  &  fiut  Mvio  "  (p.  24). 
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Ha  bfts  taken  experiments  at  the  following  stations,  which  jou  will  fiud 
in  the  chart  at  the  end  of  Everest's  description  of  the  measurement  of  the 
Indian  Are,  Dehra  Dood,  Nojli,  Kaliana,  Dateri,  and  Usiva,  At  Bebra 
Doon  he  took  six  sets  of  obserrations  with  eaeh  pendnlnm ;  but  finding 
he  oonld  advance  more  rapidly  than  the  observatories  conM  be  got  ready 
for  bun,  at  the  subsequent  stations  he  took  ten  sets  of  observations  with 
each  pendulum.  Each  set  was  carried  over  eight  to  nine  hours,  ftom 
9  A.1I.  to  5^  P*M.  The  penddam  was  set  in  motion  in  the  morning,  the 
coincidences  were  observed,  and  the  thermometers  and  are  of  vibration 
were  read  hourly,  until  the  set  terminated  in  the  afternoon.  The  first  and 
last  coincidenees  will  be  used  only  for  determining  the  number  of  vibrations ; 
bttt  the  whole  of  the  intermediate  temperatures  and  ares  will  be  employed 
Ibr  detemining  the  corrections  for  temperature  and  are*  He  was  very 
fortunate  in  his  transits,  only  losing  four  nights  in  sixty ;  complete  sets  of 
observations  were  twice  taken  at  Kaliana  (the  northern  extremity  of  the 
Indian  arc)  in  December,  vrhen  the  temperature  was  lowest,  and  again  this 
month  when  it  was  highest ;  the  range  was  not  so  great  as  we  bad  antici- 
pated, being  58^  in  the  first  instance,  and  92°  in  the  second,  so  that  the 
results  will  scarcely  he  applicable  to  the  observations  at  Krw,  where,  to  the 
best  of  my  recollection,  the  temperature  was  between  40°  and  50^ ;  but 
they  will  amply  suffice  for  all  the  observations  that  are  likely  to  he  taken 
in  India.    Ue  endeavoured  to  observe  at  a  constant  pressure,  but  the 
leaking  of  the  cylinder  prevented  this ;  however,  the  whole  range  of 
pressure  does  not  exceed  3  inches,  and  the  average  range  is  mucli  less,  the 
maximum  being  5  inches  and  tlic  Tnhiiimiin  2.    He  is  about  to  commence 
a  series  of  oh-orvntions  at  Masoori,  at  an  altitu  lc  of  about  OHOO  feet  above 
the  sea.    He  hopes  to  con^plete  these  during  June,  before  the  rainy  season 
sets  in,  when  transits  will  be  impossible. 

During  the  rains  lie  will  be  employed  in  completing  the  calculations 
connected  with  his  experiments.  By  September  I  hope  to  be  able  to  send 
you  the  final  results. 

He  has  had  so  much  to  do  in  snnnonutiag  the  difficuliies  arising  from 
his  new  apparatus,  that  he  conld  not  manage  to  take  any  magnetic  ohser- 
vntions.  In  future,  liowt  vt  r,  lie  hopes  to  be  able  to  take  these  observations 
regularly  at  each  of  his  penduluin  stations. 

I  trust  tliuL  you  will  be  gratified  with  iliii  account  of  his  first  year's 
operations.  No  pains  have  been  spared  to  secure  results  of  the  highest 
possible  value,  and  to  reward  the  confidence  you  reposed  in  us,  when  yon 
suggested  to  the  India  Office  that  we  should  imdertake  these  delicate  and 
difficult  operations. 

BeHeve  me^  yours  sincerely, 
Gtfund  Sabine,  P,n.8.  J.  WAX.KBB. 
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November  15, 1866. 

Lieut.-Gcucral  SABINE,  President,  in  the  Chair. 

In  accordance  with  the  Statutes,  notice  of  the  ensuing  Anniversary 
^fcpting  for  the  Blection  of  Council  and  Officers  was  given  from  the 
Chair. 

Dr.  Gladstone,  ]Mr.  TTnggins,  -Mr.  L.isscll,  8ir  John  Lubbock,  and 
Colonel  Smythc,  having  been  nomiaated  by  the  President,  were  elected  hj 
ballot  Auditors  of  the  Treasurer's  accounts  on  the  part  of  the  Society. 

Dr.  John  Charles  BuckTiill,  Dr.  William  Au£;u8tus  Guy,  and  Mr.  John 
William  Kaje,  were  admitted  into  the  Society. 

The  fbUowinc,'  ronamonieationi  were  read: — 

I.  "Ot\  tliL'  (  nugclatioii  of  Auimals."    By  John  Davy, 

F.E.S.,  &c.    ileccivcd  July  19,  1866.    (See  page  250.) 

II.  Letter  to  Hie  Ftesident  from  Lieut-Coloiiel  Walkbb,  B.E., 
F.R.S.,  Superintendent  of  the  Trigonometrical  Survey  of  India.'' 

(Sec  page  254.) 

III.  "Spectroscopic  Obacrvations  of  the  Sun.''  By  J.  Normav 
Lockyer,  F.K.A.S.  Communicated  by  Dr.  Sharpey^  Sec 
E.S.   Received  October  11^  1866. 

(Abstract.) 

The  two  most  recent  theories  dealing  with  the  physical  constitution  of 
the  sun  arc  dnc  to  M.  i'ayc  and  to  Messrs.  De  la  Rue,  Balfour  Stewart, 
and  Luewy.  The  chief  point  of  difference  in  these  two  theories  is  the 
explanation  given  by  each  of  the  phenuiuciia  ut  buu-sjiuts. 

Thub>,  according  to  M.  Faye  *,  the  interior  of  the  sun  is  a  ncbuluus 
gaseous  mass  of  feeble  radiating-power,  at  a  temperature  of  dissociation  ; 
the  photosphere  is,  on  the  other  hand,  of  a  high  radiatiug-power,  aud  at 
a  temperature  sufficiently  low  to  permit  of  chemical  action.  In  a  sun- 
spot  we  see  the  interior  nebulous  mass  through  an  openmg  in  the  photo* 
sphere,  caused  by  an  upward  current,  and  the  sun-spot  is  black,  by 
reason  of  the  feeble  radiating-power  of  the  nebulous  mass. 

In  the  theory  hdd  by  Messrs.  De  la  Bue»  Stewart,  and  Loewy  f,  the 
appearances  connected  with  sun-spots  are  referred  to  the  effects,  cool- 
ing and  absorptive,  of  an  inrush,  or  descending  current,  of  the  sun's  at- 
mosphere, which  is  known  to  be  colder  than  the  photosphere. 

In  June  1865  I  communicated  to  the  Royal  Astronomical  Society^ 

*  Oomptoa  Beiulas,  vol  Ix.  pp.  SO-138,  atwtraoted  in  *Ib0]leMd«r,*4th  Fcivnary, 
1865. 

t  Bcscorches  <m  Solar  fliysiM.  Printed  for  private  drooJatioii.  T^lor  and 

FranoiB,  1865. 
;  Monthly  Notices  jRoy.  Ast,  Bog,  vol  xxv.  p.  237. 
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some  obscrvntions  (referred  to  by  the  autliors  last  named)  which  hftd  led 
nie  indcppiukutly  to  the  same  conclusion  as  the  one  nnnounced  by  them. 
The  obfL  t  vations  indicated  that,  instead  of  a  sjiot  being  erinscd  by  an  up* 
ward  current,  it  is  caused  by  a  downicard  one,  and  that  tlie  results,  or,  at 
all  events,  the  concomitants  of  the  downward  current  are  a  dimming  and 
possible  vaporization  of  the  cloud-masses  carried  dowu.  I  was  led  to 
hoW  that  the  current  had  a  downward  direction  by  the  fact  that  one  of 
the  doud-masses  observed  passed  \m  succession,  in  the  sjiuce  of  about  two 
li<nii%  through  the  various  orders  of  brightness  exhibited  bj  /acuUe,  ge- 
neral snriaoe,  and  penumbra. 

On^Bfiaieh  4th  of  the  present  year  I  cuunnenced  a  spectroscopic  ob- 
ienration  of  gun-spots,  vnth  a  view  of  endeavouring  to  test  the  two  rival 
Aeories^and  eapedally  of  following  up  the  observations  before  alluded  to. 

The  method  I  adopted  ^  to  apply  a  direct-vision  spectroscope  to  my 
6^iiich  equatoreal  (by  Messrs.  Cooke  and  Sons)  at  some  distance  outside  the 
eyepiece,  with  its  axis  ooinddent  with  tlie  axis  of  the  telescope  prolonged. 
In  front  of  the  slit  of  the  spectroscope  was  placed  a  screen  on  which  the 
image  of  the  snn  was  lecei^ed ;  in  this  screen  there  was  also  a  tiue  slit  cor- 
lespondhig  to  that  of  the  spectroscope. 

By  this  method  it  is  posnble  to  ohsem  at  one  time  the  spectra  of  the 
nmbra  of  a  spot  and  of  the  adjoining  photosphere  or  penumbra ;  unfor- 
tunately, however,  favoumhle  conditiomi  of  spot  (i.  e.  as  to  size,  position 
on  the  disk,  and  absence  "  of  dondy  stratum  atmosphere,  and  instru- 
ment are  rarely  cdnddent.  The  conditions  were  by  no  means  all  I  could 
have  desired  when  my  first  ohserrations  were  made ;  and,  owing  to  the 
recent  absence  of  spots,  I  have  had  no  opportunities  of  repeatmg  my  oh- 
servations.  Hence  I  should  have  hesitated  stiU  longer  to  lay  them  before 
the  Boyal  Sodety  had  not  M.  Faye  agun  lecenUy  caUed  attention  to 
the  subject. 

On  turning  the  telescope  and  spectram-q>paratns»  driven  by  dock>work, 
on  to  the  sun  at  the  date  mendoned,  in  snch  a  manner  that  the  centre  of 
the  umbra  of  the  small  spot  then  visible  fell  on  the  middle  of  the  slit  m  the 

screen,  which,  like  the  corresponding  one  m  the  spectroscope^  was  longer 
tlian  the  diameter  of  the  umbra,  the  solar  spectrum  was  observed  in  the 
field  of  view  of  the  spectroscope  with  its  central  portion  (corresponding 
to  the  diameter  of  the  umbra  falUng  on  the  sUt)  greatly  enfeebled  in 

briUiancy. 

All  the  absorption-bands,  however,  visible  in  the  spectrum  of  the  pho- 
tospherc,  above  and  below,  were  visible  in  the  sj)ectrum  of  the  spot;  they, 
moreover,  appeared  thicker  where  they  crossed  the  spot-spectrum. 

I  was  unable  to  dtfect  the  slightest  indication  of  any  bright  bands, 
although  the  spectrum  was  sufficiently  feeble,  I  think,  to  have  rendered 
them  unnnstakcably  visible  had  there  been  any. 

Should  these  observations  be  confirmed  by  observations  of  a  larger  apot 
free  from  "cloudy  sUatum,"  it  wiU  foUow,  not  only  that  the  phenomeni 

y2 
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presented  by  a  gnn-spot  arc  not  due  to  radiation  from  such  a  source  as  that 
indicated  by  M.  Faye,  but  that  we  have  in  this  absorptlon-hyixidic^is  a 
complete  or  partial  solution  of  the  problem  which  has  withstood  so 
mauy  attacks. 

The  dispersive  power  of  the  spectroscope  employed  was  not  sufficient 
to  enable  me  to  determine  whether  the  decreased  brilliancy  of  the  bpot- 
spectrum  was  due  ia  any  measure  to  a  greater  number  of  bands  of  ab- 
sorption, nor  could  I  prove  whether  the  thickness  of  the  bands  in  tlie 
sj)ot-spectrum,  as  compared  with  their  thickness  iu  the  photoaphere- 
Bpectrum,  was  real  or  apparent  ordy*. 

On  these  points,  auiuug  others,  I  shall  hope,  if  pernuttctl,  to  lay  lIic 
results  of  future  observations  before  the  Royal  Society,  Seeing  that 
spectrum-analysis  has  already  been  applied  to  the  stars  with  such  success, 
it  is  not  too  much  to  think  that  an  attentive  and  detailed  spectroscopic 
examination  of  the  sun's  surface  may  bring  us  much  knowledge  bearing 
on  the  physical  constitution  of  that  laminary.  For  instance,  if  the  theory 
of  absorption  be  true,  we  may  suppose  that  in  a  deep  spot  rays  might 
be  absorbed  which  would  escape  absorption  in  the  higher  strata  of  the 
atmosphere ;  hence  also  the  darkness  of  a  line  may  depend  somewhat  on 
the  depth  of  the  absorbin-;  atmosphere.  May  not  also  some  of  the  vari- 
able lines  mible  in  the  solar  spectrum  be  due  to  absorption  in  the  region 
of  spots?  and  may  not  the  spectroscope  afford  ns  e?idence  of  the  existence 
of  the  "red  flames"  which  total  eclipses  have  revealed  to  us  in  the  sun'a 
atmosphere ;  although  they  escape  all  other  methods  of  observation  at 
other  times  f  and  if  so,  may  we  not  learn  somethmg  from  this  of  Che 
recent  outborst  of  the  star  in  Corona  t 

IV.  "  On  a  Cryatalline  Fatty  Acid  from  Human  Urine.'' 
By  £.  ScHVMCK^  F.R.S.   Received  September  21, 1866. 

(Abstract.) 

After  referring  to  the  various  forms  in  which  fatty  matter  occurs  in 

human  nriiic,  and  to  our  extremely  defective  knowledge  regarding  its 
physical  and  chi  riiifnl  properties,  the  author  proceeds  to  describe  a  process 
whereby  he  obtained  from  healthy  urine  a  small  (piantity  of  a  substance 
having  the  juopenlt  s  characteristic  of  the  fatty  acids  which  are  soliil  at 
the  ordinary  temperature.  The  process  consists  in  passing  urine,  after 
having  heen  fdtered  in  order  to  seiiaratc  all  insoluble  matter  which  may 
have  been  deposited,  through  aninml  charcoal  in  an  ordinary  percolating 
apparatus.  The  urine  is  thereby  completely  decolorized  and  deodorized, 
a  small  (juantity  of  charcoal  producing  this  effect  on  a  large  quantity  of 
urine.  The  charcoal,  after  being  thoroughly  washed  with  water,  is  treated 
with  hoiling  alcohol,  to  wiiich  it  communicates  a  bright  yellow  colour  like 

*  Irra'li'ttion  wotiM  eaufle  bonds  of  the  Mine  thieknc^  to  appear  tf\iniiy#t  in  the 
more  briiiiuiit  apcctriun. 
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that  of  urine  itself.  The  filtered  alcolioUc  liquid  is  eyaporated,  and  tbe 
residne  is  treated  with  water,  which  leaves  undissolved  a  quantity  of 
hrownish-jellow  fatty  matter.  Tlu8»  after  bdng  purified  in  the  manner 
described  by  the  author,  is  found  to  consist  principally  of  a  fatty  acid, 

having  the  properties  characteristic  of  the  group  to  which  palmitic  and 
stearic  acid  1)elong.  The  acid  is  white,  crystalline,  has  a  pearly  lustre, 
melts  at  54°*3  C,  volatilizes  unchanged  when  heated,  and  is  insoluble  in 
water  but  easily  soluble  in  alcohol  and  ether.  It  is  soluble  in  caustic 
potash  and  soda-lye,  in  aqueous  ammonia,  and  in  solutions  of  carbonate  of 
potash  and  carbonate  of  soda.  The  solutions  froth  on  being  boiled  like 
ordinary  soap  and  water.  The  potash  compound  is  obtained  from  the 
watery  sohition  in  tlie  form  of  small  pearly  scales,  and  from  an  alcoholic 
soltition  in  pri'^matic  crystals.  The  socla-cninpouiul  se[)arates  from  a 
boil  ill;:;- hot  solution  on  cooling  as  a  thick,  white,  aniorphous  soap,  a  very 
small  quantity  of  which  is  sufficient  to  cau'^o  t!ip  liquid  to  gelatinize.  The 
watery  solution  of  either  of  tliese  compounds  gives  white  curd-like  preci- 
pitates with  salts  of  harinm,  calcium,  lead,  and  silver.  The  quantity  of  the 
acid  obtained  in  the  author's  ex])criments  was  too  inconsiderHble  to  enallc 
him  to  determine  its  composition  and  atomic  weight,  and  it  therefore 
remains  uncertain  whether  it  is  identical  witli  any  of  the  known  fatty  acids 
or  not.  The  author  incHnes  to  the  opinion  that  it  is  a  mixture  of  stearic 
and  palmitic  acid,  which  according  to  modern  investigations  constitute 
together  what  was  formerly  called  margaric  acid.  'Die  author  does  not 
venture  to  aissert  that  it  forms  a  normal  constituent  of  the  hcahhy  secretion, 
though  the  urine  employed  iu  his  cxperinicnts  in  no  case  exhibited  any- 
thing peculiar.  The  experiments  described  do  not  throw  any  light  on  the 
question  how  this  acid,  which  belongs  to  a  class  of  substances  almost  inso- 
luble in  water,  cornea  to  be  dissolved  in  a  liquid  like  urine,  which  is  itself 
usually  acid* 

V.  On  Oxaluratc  of  Ammonia  as  a  Constituent  of  Human  Urine." 
By  E.  ScuuNcuL,  i\U,S.    Ikccivud  iSovcmbcr  \oj  18GG. 

(Abstract.) 

When  ordinary  healthy  urine  is  passed  through  animal  charcoal  in  the 
manner  described  in  the  preceding  paper,  several  organic  substances  are 
separated  and  absorbed  by  the  charcoal  in  addition  to  the  fatty  add  there 
referred  to.  The  liquid  obtained  by  treating  the  charcoal  with  boiling 
alcohol  having  been  evaporated,  the  residue  is  treated  with  water,  which 
leaves  the  fatty  acid  undissolved.  The  filtered  liquid  yields  on  evapora^ 
tion  a  quantity  of  crystals,  which,  after  being  purified  in  the  manner 
described  by  the  author,  are  found  to  have  the  properties  and  composition 
of  oxaluratc  of  ammonia.  The  watery  solution  of  the  substance  gives 
with  acids  a  white  crystalliue  precipitate  of  oxaluric  acid  ;  with  nitrate  of 
lilver  it  produces  a  precipitate  which  dissolves  without  change  in  boiling 
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water,  the  solution  on  coolin;^  d'  positing  white  silky  needles  of  oxalurate 
of  silver.  Tin  lead  foinpouud  produced  by  adding  acetate  of  lead  to  the 
watery  Bolution,  lorins  weil-di-fined  iirisiaatic  crystals.  With  chloride  of 
calcium  the  watery  solution  gives  no  i)iccijiitatc,  l)ut  on  adding  ammonia 
and  boiling,  there  is  an  abundant  pncijiita'iou  of  oxalate  of  lime.  ]»y 
treatment  with  stroug  acids  the  substancu  is  Jccouipuscd,  yielding  oxalic 
acid  and  urea.  Its  composition  was  found  to  correspond  with  the  formula 
C,  H,  Nj  O^,  which  is  that  of  oxalurate  al  .i;nmania. 

The  author's  experiments  were  not  suftkicutly  nunierotis  to  decide  the 
question  whether  this  salt  is  a  normal  constituent  of  human  urine  or  not. 
There  is  no  doubt,  however,  that  its  presence,  whether  exct'})tional  or  not, 
affords  an  easy  and  satisfactory  explanation  of  a  pheuomeuuu  which  has 
imtil  now  }»roved  very  puzzling,  viz.,  the  formation  of  oxalate  of  lime  in 
urine  long  after  its  emission.  It  is  doubtless  owing  to  the  dccompositioQ 
of  oxaluric  acid,  which  takes  up  water  and  splits  up  mto  urea  and  oiudic 
add  i  the  latter  then  combinea  with  Um^  of  whidi  there  la  alwmys  a  suffi- 
cleat  quantity  present  to  saturate  the  add.  There  can  be  little  donbt  also 
that  oialiirio  acid  is  derived  in  the  animal  frame*  as  in  the  laboratory,  from 
Qiie  wad,  the  oxidation  of  which  ia  its  only  known  sonrce. 

VI.  "On  the  Structure  of  the  Optic  Lobea  of  the  Cuttlc-Fiah."  By 
J.  liOCKHAAT  ChA&KZ,  F.R.S.    Kecclved  September  26,  166G. 

(Abstract*) 

The  brain  of  the  Cattle-fish  coniists  of  several  ganglia  doaely  aggregated 
aronnd  the  upper  part  of  th«  ossophagus.  The  foremost  or  pharyngeal 
ganglion^  which  is  much  the  smallest,  is  bOobed  and  somewhat  qnadran- 
gular.  The  next  is  a  large  bilobed  ganglion  which  forms  the  roof  of  the 
canal  for  the  oesophagus.  Beneath  the  oesophagns  is  another  large  and 
broad  mass,  which  is  connected  on  each  side  with  the  snpra-cesopbageal 
masses  by  baada  that  complete  the  ceaophageal  ring. 

From  each  side  of  the  cephalic  masses  springs  a  thick  optic  pednnde 
which  ends  in  the  optic  lobe.  Each  optic  lobe  is  larger  than  all  the  other 
cerebral  masses  taken  together,  and  has  a  striking  resemblance  in  shape  to 
the  human  kidney.  It  is  completely  enveloped  in  a  thick  layer  of  optic 
nerves  dispooed  in  flattened  bands  which  issue  from  all  parts  of  its  sub- 
Stance  and  proceed  to  the  back  of  the  eye  in  a  fan^like  expansioot  the 
upper  and  lower  bands  crossing  each  other  in  their  course.  The  substance 
of  each  lobe  consbts  of  two  distinct  portions,  which  differ  irom  each  other 
entirely  in  appearance.  The  outer  portion  resembles  a  very  thin  rind  or 
shell,  is  extremely  delicate,  and  very  easily  torn  from  the  central  substance 
which  it  encloses.  It  consists  of  three  concentric  layers — an  external 
dark  layer,  an  iiiternal  dark  layer,  and  a  middle  pale  and  broader  layer 
containing-  tliin  and  concentric  bandb  of  fibres. 

The  first  or  outer  layer  consists  of  a  multitude  of  nuclei  and  a  few  small 
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nucleated  cells,  wiih  ^vhich  lUanicuts  of  the  optic  nerres  are  connected. 
The  second  or  mit!  il '  Uycr  is  composed  entirely  of  fine  nerve-fibres  which 
form  two  stis — one  verticil,  lui  l  tiic  other  horizontal.  The  vertical  fibres 
issue  at  tlie  uuder  surface  ui  the  first  layer  from  the  network  which  it3 
nuck'i  form  with  the  fibres  of  the  optic  nerves.  Some  are  continuous  with 
the  horizontal  fibres,  but  the  majority  continue  downward  across  them  to 
the  third  or  inner  layer.  At  the  junction  of  these  two  layers  is  a  row  of 
nuekated  cells  which  iend  thin  piocesses  in  different  directions,  and  with 
which  name  of  the  nem-fibres  are  connected.  The  third  or  inner  hiyer  is 
composed  entirely  of  closely- aggregated  naclei«  which  are  joined  together 
in  a  network  by  the  fibres  which  issue  from  the  under  surface  of  the  middle 
hiyer. 

The  ooftical  substance  consisting  of  these  three  layers^  forms  only  a  very 
small  portion  of  the  optic  bbe.  Out  of  the  nuclear  network  of  the  inner 
layer  fine  nerreofibres  descend  into  the  body  of  the  lobe  which  it  encloses. 
At  first  these  fibres  are  verticalj  parallel,  and  arranged  in  nniform  seriei^ 
with  scattered  nuclei  between  th«n ;  but  as  they  descend  to  the  centre  of 
the  lob^  they  diverge  more  and  more,  and  cross  each  other  to  form  a 
plexus  first  with  oral  and  then  with  broader  meshes,  in  whidi  the  nudei 
and  nudeated  oeDs  are  collected  into  groups  of  corresponding  shape  and 
flise. 

From  the  plexus  at  the  inner  side  of  the  lobe  bundles  conrerge  from^all 
parts  to  form  the  lower  half  of  the  peduncle,  the  upper  part  of  which 
consists  of  masses  of  small  nuclei,  and  gives  attachment,  by  a  short  pedicle^ 
to  a  small  tubercle.  This  tubercle  consists  of  closdy-aggregated  nuclei 
connected  by  fibres  which  oonverge  to  its  neck  and  escape  into  the  peduncle 
of  the  optic  lobe. 

After  conduding  his  description  of  the  optic  lobes,  the  author  gives  a 
short  account  of  the  structure  and  connexions  of  the  remaining  cerebral 
ganglia  of  the  Cuttle-fish,  with  the  view  of  determining  their  homologies. 

From  the  nature  of  the  parts  which  it  supplies,  the  foremost  or  phaiyn- 

geid  ganglion  would  seem  to  combine  the  function  of  the  centres  which  give 
origin  to  the  trigeminal,  the  olfactory,  and  the  gustatorj-  nerves  in  the 
vertebrata.    The  second  bilobed  ganglion  appears  to  correspond  partly  to 

the  cerebral  lobes  and  partly  to  the  ccrcbclhmi  of  fishes.  The  posterior 
portion  of  the  subocsophagcal  mass  is  the  analoi^ue  of  ilic  medulla  oblongata ; 
while  the  anterior  portion  may  be  regarded  as  the  s])inal  cord  concentrated 
below  the  ccsopbagus  and  in  the  neighbourhood  of  the  feet,  which  dcrifc 
all  their  nerves  £rom  that  source. 


Messrs.  V.  Hareonrt  and  Esson  on  th§       [Nov.  22, 

November  22, 1866. 

Lieut.-General  SABINE,  President,  in  the  Chair. 

la  accordance  with  the  StAtnto^,  notice  was  given  from  tlie  Chair  of  the 
cnfuin^  Anniversary  Meeting,  and  the  list  of  Council  and  OMcers  uomiuated 
for  election  was  read  as  follows : — 

Prffu^ien/.*— Lieut.>General  Bdward  Sabioe,  R.A.,  D.C.L.,  LL^D. 
IVeaevrer, — ^William  Allen  Miller,  M.D.,  LL.D* 

Seereiariee^l^™^^^  Sliarpey.  M.D.,  LL.D. 

\  George  Gabriel  Stokes,  Esq.,  M.A.,  D.C.L.,  LL.D. 

Foreign  Secretary, — ^Professor  William  Hallows  Miller,  M.A^  LL.D. 

Other  Members  of  the  CouneiL — Lionel  Smith  Beale,  Esq.*  M.B. ;  Wil* 
liam  Bowman,  Esq. ;  Commander  F.  J.  Owen  Evana,  E.N.  s  Edward  Fhmk* 
land,  Esq.,  Ph.D. ;  John  Hall  Gladstone,  Esq.,  Fh.D. ;  William  Bobnt 
Grove,  Esq.,  M. A.,  Q.C. ;  William  Huggins,  Esq. ;  Thomas  Hemy  Hnxlej, 
Esq.t  LL.D. ;  William  Lassell,  Esq. ;  Professor  Andrew  Crombie  Ramsay, 
LL.D. ;  Colonel  William  James  Smythe,  B<A. ;  William  Spottiswoode^ 
Esq.,  M.A.;  Thomas  Thomson,  M.D. ;  William Ute,  Esq.;  Vice^Chaneellor 
Sir  W.  P.  Wood,  B.G.L. ;  The  Lord  Wiottesley,  M.A.,  D.C.L. 

The  folio  wing  communications  were  read  : — 

I.  On  the  Laws  of  Connexion  between  the  conditions  of  a  Che- 
mical Change  and  its  Amount.''  No.  II.  ''On  the  Reae* 
tion  of  Hydric  Peroxide  and  Hydric  Iodide."  By  A.  Vernox 
Harcovrt,  M.A.,  and  W.  Essok,  M.A.  Communicated  by 
Sir  Benjamin  Collins  Bbodib,  Bart.  Received  Jaly  18, 
1866. 

(Abstract.) 

In  a  former  paper,  of  which  an  abstract  appeared  in  the  Royal  Society's 
Proceedings,  vol.  xi^.  p.  470,  the  authors  gave  an  account  of  their  first 
experiments  on  this  subject. 

The  second  chemical  change  chosen  for  investigation  was  that  which 
occurs  in  a  solution  containing  hydric  iodide  (hydriodic  acid)  and  hydric 
peroxide.  In  this  case  the  amount  of  change  stands  in  relation  to  the 
following  conditions, — (1)  the  nature  of  the  solution,  that  is  to  say,  its 
temperature,  and  the  nature  and  quantity  of  the  different  ingredients  whidi 
it  contains  in  n  \uiil  of  volume,  (2)  the  quantity  of  the  solution,  or  the 
number  of  such  units  of  volume,  (3)  the  time  during  which  the  change 
proceeds.  The  relation  of  the  amount  of  change  to  the  second  and  third 
of  these  conditions  is  determinate :  it  varies  directly  with  each ;  for  the 
solution  is  homogeneous,  and,  if  nil  other  conditions  arc  fixed,  the  rate  of 
change  is  uniform.  But  the  first  condition  comprises  an  almost  indefinite 
uiuuber  of  particular  conditions ;  for  not  only  may  various  iodides  and  per« 
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oxides  be  used  without,  as  far  as  wc  know,  altcrins;  the  nature  of  the  re- 
action, but  other  substances  may  be  introduced  into  the  solution,  and 
their  iuUueiicc  upuu  the  aniouut  ul  change  determined. 

The  present  paper  contains  an  account  of  the  uu  llui  Ja  employed  for  ob- 
serving tins  action,  and  oi  tlie  results  obtained  by  varying  two  particuhuT 
condition.^,  namely  the  amounts  of  peroxide  and  of  iodide. 

If  hydric  peroxide  and  hydric  iodide,  or  barytic  peroxide,  potassic 
iodide,  and  hydric  chloride,  be  brought  together  In  dilute  solution  at  the 
ordinary  temperature,  a  gradual  developmeiit  of  iodine  takes  place*  If  a 
drop  of  a  dilute  solution  of  sodic  hyposulphite  be  added  to  tbe  mixture 
capable  of  reducing  to  io^Ude  all  tbe  iodine  wbich  baa  been  formed  up  to 
tbe  time  of  its  addition,  but  not  all  tbat  will  be  formed  in  tbe  course  of  tbe 
reaction,  tbe  liquid  wbicb  bad  become  ycUow  becomes  colourless,  remains 
colourless  for  a  wbUe,  and  tben  suddenly  becomes  yellow  again.  Tbia 
yellow  colour  may  be  exebaoged  for  a  more  intense  blue  colour  by  putting 
atarcb  Into  tbe  solution.  It  was  found  tbat  in  dilute  solutions  no  direct 
oxidation  of  hyposulphite  by  peroxide  took  place ;  and  tbat  tbe  quan* 
tity  of  byposulpblte  required  to  reduce  tbe  iodine  Uberated  by  a  measure 
of  peroxide  wis  tbe  same,  whetber  the  hyposulphite  were  added  little  by 
little  during  tbe  course  of  tbe  reaction,  or  after  the  primary  reaction  bad 
completed  itself,  and  when  no  peroxide  remained  in  the  solution. 

The  method  of  obserration  founded  upon  these  facts  was  briefly  as 
follows: — 

Measured  quantities  of  all  the  standard  solutions,  except  that  of  hydrio 
peroxide,  were  introduced  into  a  glass  cylinder  about  II  inclies  high  by  3 
broad,  and  water  was  added  till  the  upper  surface  of  the  liquid  was 
lerel  with  a  line  drawn  round  the  cylinder.  Tliis  adjustment  of  volume 
was  made  through  a  hole  in  the  bung,  which  closed  the  cylinder ;  two 
other  holes  admitted  a  thermometer  and  an  inverted  funnel-tube.  A  cur- 
rent of  cnrbonic  acid  passing  down  the  funnel-tube  to  the  bottom  of  the 
cvlinckr,  and  ri:-iiig  in  large  bubbles  from  the  mouth  of  the  funnel,  served 
nt  oiicc  to  stir  I  he  liquid  ronstniitlv,  and  to  protect  its  upper  piirt";ico  from 
the  air.  When  the  voiuuu  an  I  the  temperature  of  the  solution  luid  been 
adjusted,  a  small  measure  ot  hyposulphite  was  first  added,  and  then  the 
pipettcful  (10  cub.  ccntiins.)  of  peroxide.  The  cylinder  was  placed  on  a 
sheet  of  white  paper  in  froiU  of  a  cloek  boati]!:::  seconds.  By  watching  the 
surface  of  the  fluid  and  counting;  tiu  seconds  when  the  time  of  an  observa- 
tion was  near,  it  was  possible  to  note  accurately  the  moment  at  whicli  the 
colour  changed.  A  second  small  measure  of  hyposulphite  was  tlu  n  intro- 
duced, and  at  the  proper  iiiterval  a  second  observation  was  made.  Each 
such  addition  of  hyj)Osulphitc,  with  the  observation  preceding  and  following 
it,  is  spoken  of  as  an  e.\pcrimcnt,  and  these  experiments  were  continued 
nntil  tbe  reducing  power  of  the  last  measure  of  hyposulphite  being  greater 
than  thft  oxidizing  power  of  the  remaining  peroxide  the  blue  colour  did  not 
return* 
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l^ie  small  measures  of  hyposulphite  consisted  of  single  drops  collected 
under  circumstances  favourable  to  their  perfect  uniformity.  The  peroxide 
employed  was  either  au  aciJificcl  sohition  of  sodic  peroxide,  or  dilute 
hydric  peroxide  obtained  by  the  distillation  of  such  n  solution.  In  each 
set  of  ex})eriraent8  the  value  of  the  measures  of  hy}^o^ulphite  and  of  the 
pipettcful  of  peroxide  could  be  compared  by  determining  what  fraction  of  a 
measure  of  hyposulphite  remaineil  in  the  solution  when  the  set  of  experi- 
ments had  been  brought  to  an  end.  These  values  could  also  be  compared 
by  determining  each  with  a  standard  solution  of  potassic  jiermanganate. 
In  presence  of  an  excess  of  ])otas>ic  iodide,  sodic  hypo.sidj)hite  may  be  esti- 
mated by  this  reagent  exactly  as  it  may  by  standard  iodine  solution. 

Daring  each  set  of  experiments,  then,  all  the  con  liuous  of  the  reaction 
are  constant  except  two,  which  are  progressively  modiiied.  One  of  these  is 
imniuterial,  the  accumiilation  of  a  small  quantity  of  sodic  tetrathionate  ;  tlie 
other  is  material,  the  gradual  disappearance  of  the  i>mall  quantity  of  per- 
oxide upou  whose  presence  the  reaction  depends. 

The  first  point,  therefore,  requiring  to  be  investigated  was  the  law  of  con- 
nexion between  the  amount  of  change  and  the  amoimt  of  peroxide. 

Since  the  amount  of  peroxide  originaUj  taken  is  known^  and  also  the 
amoimt  whieh  corresponds  to  a  measure  of  hyposulphite,  the  amoont  re- 
maining in  the  solution  at  the  moment  of  each  obsemtbo  is  also  known. 
Thus  the  data  supplied  by  each  experiment  are  (1)  the  amount  of  peroxide 
present  in  the  solution  at  a  particular  moment  of  time,  (2)  the  time  at 
which  this  amount  is  present,  (3)  the  amount  present  at  a  subsequent 
moment  of  time^  (4)  the  time  at  which  this  amount  is  present.  Represent- 
ing these  two  amounts  of  peroxide  by  y  and  y'  respectively^  and  the  cor- 
responding  moments  of  dme  by  t  and  the  result  of  each  experiment  is 
that  an  amount  of  chemical  change  y — ^  has  been  accomplished  in  an  in- 
tenral  ^—t.  According  to  the  hypothesis  proposed  in  our  former  paper, 
namely  that  the  amount  of  chemical  change  varies  directly  with  that  of 
each  of  the  substances  partaking  in  it,  these  quantities  should  exhibit 
throughout  a  set  of  experiments  the  constant  relation 

y 

The  numerical  results  obtained  in  various  sets  of  experiments  performed 
nnder  different  circumstances  are  compared  with  those  calculated  from 
equations  of  this  form,  and  the  two  are  shown  to  agree  within  narrow 
limits  of  experimental  error.  It  is  inferred  that  in  this  case  the  amount  of 
chemical  change  taking  place  at  any  moment  is  proportional  to  the 
amount  of  peroxide  present  at  that  moment  in  the  solution. 

The  constant  a  in  the  preceding  equation  repre«^cnt^  the  effect  upou  the 
amount  of  change  of  those  conditions  which  do  not  vary  in  a  set  of  experi- 
ments; and  it  is  possible  by  varying  one  of  these  conditions  in  different 
sets  of  experiments,  and  determining  the  value  of  a  iu  each,  to  inquire  into 
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the  law  of  oomiexion  between  the  oonclitioii  thus  Tailed  and  the  amount  of 
chaage. 

Aoeordingly  a  eeiiei  of  eete  of  experiments  wae  made,  in  which,  all  else 
being  kept  eonatant,  different  quantities  of  potaasic  iodide  were  used  in 
different  sets.  It  is  shown  that  the  valaes  of  a  derived  from  the  different 
sets  of  experiments  are  proportional  to  theqmmtitiesof  iodide  nsed  in  each 
case.  In  this  series  hydric  sulphate  was  an  mgredient  of  the  solutions ;  a 
ileoond  series  was  made,  in  which  an  equivalent  quantity  of  bydric  chloride 
was  substituted.  The  result,  as  regards  the  effect  of  Tarying  the  amount  of 
iodide,  was  the  same  as  in  the  previous  series.  The  rate  of  chemical  change^ 
that  is  to  say  the  amount  in  a  ^ven  time  with  a  constant  quantity  of  per- 
oxide^ was  found  to  be  directly  proportional  to  the  amount  of  iodide  in  the 
solution.  Thus  the  law  of  connexion  is  the  same  in  this  case  as  in  that 
already  investigated  of  the  variation  of  peroxide. 

The  total  amount  of  chemical  change  is  a  function  of  all  the  conditions 
of  the  system  in  which  it  occurs.  If  we  call  this  amount  the  volume  of 
the  solution  v,  its  temperature  A,  the  time  during  which  the  change  pro* 
ceeds  t,  and  the  amounts  of  the  various  ingredients,  peroxide,  iodide,  &c. 
in  a  unit  of  volume,  p,  t,  a,  6,  c  . . .,  then 

X  ^fiflp  6,  e,  •  •  •  A,  t,  •  •  •    •  •  •  ^, « •  V  •  •  •)• 

The  form  of  this  fhnction  is  determinate  in  the  case  of  two  of  these  oondi< 
tionib  "ris.  9,  tt  and  has  now  been  detennined  experimentally  in  the  case  of 
j»  and  ^  BO  that  the  equation  may  be  written  in  the  form 

The  number  of  ingredients,  represented  by  a,  h,  e,  &c.,  which  may  be  in- 
trodooed  into  the  system  and  idTeet  the  amount  only,  and  not  the  nature  of 
the  ehemical  change^  and  which  may  theiefore  be  regarded  as  so  many  con* 
ditions  of  the  reaction,  is  doubtless  very  large.  The  authors  believe  that 
the  investigation  of  the  influenoe  of  some  of  these  may  prove  of  interest,  it 
being  possible  thus  to  compare  various  substances  which  may  be  snh* 
stituted  one  for  another  in  the  system  by  a  new  standard.  Th^'  find,  for 
example^  that  comparing  equivalent  qnantitieB  (in  the  ordinary  chsmical 
•  sense)  of  hydrie  sulphate  and  hydrie  chloride,  the  eflbct  of  the  latter  is 
nearly  double  that  of  the  former*  But  the  most  important  condition  of 
the  change  whose  influence  is  still  undetermined  is  that  of  temperature,  for 
this  condition  intervenes  under  all  dreumstanees  of  the  reaction,  and  indeed 
in  sll  chemical  changes  whatever.  The  authors  hare  already  made  many 
experiments  on  both  these  points.  The  results  of  this  investigation,  which 
will  complete  the  study  of  the  reaction,  may,  they  hope,  form  the  subject 
of  a  subsequent  communication. 
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IL  ''On  tlie  Stability  of  Domes/'-^Part  II.  By  E.  Wtndham 
Tabn^  M.A.|  Memb.  Roy,  Inat  Brit.  ArehitecU.  Communicated 
by  0.  Godwin,  £sq.  Becetved  October  23, 1866. 

(Abstract.) 

In  a  former  paper  on  this  subject  which  the  author  presented  to  tbe 

Royal  Society,  and  which  is  published  in  the  '  Proceeding '  (vol.  xv. 
p.  182),  be  obtained  formole  for  calculating  the  thrust  of  a  spherical 
dome  of  uniform  thickness,  by  supposing  it  to  consist  of  a  number  of  tbia 
ribs  each  of  which  is  formed  by  two  vertical  planes  ioteisectinf;  at  the  axia 
of  the  dome,  and  making  a  smidl  angle  with  each  other ;  and  then  treating 
each  rib  as  formings  with  the  corresponding  one  of  the  opposite  side,  a 
complete  arch. 

In  the  present  paper  the  author  applies  the  same  method  to  domes  of 
other  forms  than  the  spherical.  The  following  are  tbe  kinds  for  which  the 
formulae  arc  investigated  : — 

A.  The  Gothic  dome,  of  which  that  of  the  cathedral  at  I'loi  cncc  is  a 
splendid  example.  This  kind  has  for  its  section  a  pointed  arch  formed  by 
two  s(  2:inents  of  circles,  the  centre  from  whicli  each  is  struck  beinir  on  the 
springing  line,  but  not  in  the  axis  of  the  duine.  The  author  denotes  by 
a  the  angle  between  the  vertical  and  a  line  drnwn  from  this  centre  to  the 
point,  near  the  i kuvu  of  the  dome,  where  its  axis  is  intersected  by  a  circle 
drawn  around  tliaL  centre  with  a  radius  equal  to  the  mean  of  the  radii  of 
the  circles  which  generate  the  outer  and  inner  surfaces  of  the  dome,  aud 
reduces  his  results  t  o  numbers  for  three  ditTerent  values  of  the  angle  «. 

B.  A  dumc  whose  inner  suiface  is  u  paraboloid  of  revuiutiou,  the  thick* 
liCbS  of  the  shell  being  uniform  throughout. 

C.  The  dome  whose  surface  is  formed  by  the  revolution  of  an  ellipse 
about  its  miyor  axis.  In  the  investigation,  the  two  8ur^iu^es  are  supposed 
to  be  generated  by  the  rerolntton  id  two  oonceutrie  dUptic  quadrants, 
whose  major  axes  differ  horn  one  another  by  the  same  qnantity  as  tbe 
minor  axes>  so  that  the  thickness  is  Tcry  nearly  uniform  thronghont* 

D.  A  form  of  dome  commonly  used  in  eastern  countriesi  sometoBet 
called  the  ogiral  dome,  the  snrAoe  of  which  is  generated  by  tbe  icfoln* 
tion  of  a  eonre  which  has  a  point  of  contrary  flesnre.  In  the  investiga- 
taon,  the  author  takes  for  this  curve  the  cunre  of  sme8»  the  equation  of 

which  is  y  =r  sin—,  where  x',  y'  are  the  vertical  and  horizontal  coordi- 
nates of  a  point  m  the  generating  cnrvc^  and  supposes  the  outer  and  inner 
surfaces  to  be  generated  by  the  revolution  of  two  such  curves,  differing  only 
by  the  value  of  r,  the  origin  being  the  same. 

The  following  Table  exhibits  the  principal  results  obtained  from  the 
author's  investigations.  All  the  domes,  except  the  last,  are  supposed  to  be 
of  the  uniform  thickness  throughout  of  I  foot.  In  the  last  the  thickness  is 
1  foot  at  the  springing,  but  gets  rather  leu  towards  the  top*  The  domes  are 
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supposed  to  be  built  of  material  weighing  125  lbs.  to  the  cubic  foot.  The 
thrust  is  calculated  for  the  180th  part  of  thf  wlifjle  douie,  being  tlie  por- 
tion cut  out  by  two  planes  which  make  an  angle  ol  2°  at  the  axia. 

Table  showing  the  position  of  the  weakest  joiat  in  domes  of  Tarions  formi^ 

and  the  horizontal  throat  at  that  joint. 


Form  of  Dome. 


Span. 


Position  of  the  weakest 
joint,  or  joint  where 
ttirnit  is  gTMteit. 


Greatest  hori- 
zontal thrust, 
or  thrust  at 
wookcst  joint. 


1. 

2. 

3. 

4. 

& 

6w 
7. 


Gothic,  a-22i« 
Gothic,  a =30°  .. 


Pnrabolio  ;  lir-ii^ht  abnro 
springing  equals  the  half 
span* 

ElHptica],  major  axis  Tor- 
tical ;  ratio  of  nu\jor  to 
minor  axis  m  0 :  & 

Ogival ;  oontoiir|th»"oiurre 
of  sines." 


20 

20 
20 
20 

20 

20 

20 


'  Hakes  wiUi  springing  line 

an  anglo  ot  20  . 
Makes  with  springing  line 

an  angle  of  17*. 
'  Ifakeswith  springing  Iine| 

Ian  anfjlp  of  13  J  °. 
Makes  with  springing  lino 
aasngleof  llC 


} 
\ 


At  springing  lino 


'  One-tliird  of  semimajor 
axis  abovo  springing 
ime. 

'  One-sixtoenth  of  the  span 
^    above  springing  lino. 


Ibt. 

80-418 
77-27 

790 
90-6G7 


In  the  preceding  cases,  except  the  last,  the  domes  are  assumed  to  be  of 
unifonn  thickness.  The  author  finally  applies  his  fbrmnlae  to  the  ease  of 
the  spherical  done  in  which  the  thickness  at  the  crown  is  one-half  that  at 
the  springing,  the  inner  surface  being  generated  hy  the  revolution  of  a 
drenkr  quadrant  whose  centre  Is  raised  above  the  centre  of  that  which 
genentet  the  outer  surface  bj  half  the  difference  of  the  radii.  Assuming 
the  outer  and  inner  radii  B»  r  to  be  respectively  1 1  feet  and  10  feet,  he 
finds  that  the  weakest  point  on  a  dome  of  this  form  appeaia  to  be  at  a 
beigfat  equal  to  i^  R  above  the  springing  line ;  and  with  the  other  nnme-> 
rical  valuer  assumed  the  same  as  before,  he  finds  for  the  horisontal  thrust 
at  the  weakest  johit  55*78  lbs. 

For  each  kind  of  dome  the  author  forms  what  he  calls  the  equation  of 
slabiliiy,  giving,  for  an  assumed  value  of  the  height  of  the  pier,  the  least 
thickness  t  which  will  permit  of  stability.  The  tulluwing  are  the  results 
for  each  kind  of  dome,  the  height  of  the  pier  being  taken  at  50  feet : — 

Spherical  dome  (from  former  paper)   »  .   .  •  <«t2*45  feet. 

Gothic  dome  (a»22i^  /b^2*259 

Parabaloidal  dome  f  »2*244 

Elliptic  dome  |s2'44 

Ogival  dome  •  

Spherical  dome  (thinner  at  crown)  /as  1*9 


93 
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The  author  considers  what  he  has  found  as  the  weakest  part  ot  a  dome 
to  be  the  position  in  which  an  iron  belt  must  be  ])laeed  to  produce  the 
greatest  effect  in  counteracting  the  thi  ust  of  the  dome.  If  tliis  be  done, 
the  thickness  of  the  pier  may  be  considerably  diminished,  mid  need  not 
grently  exceed  the  strength  necessary  for  supporting  the  supermcumbent 
weight  acting  vertically  downwards. 

III.  ''A  Supplementary  Memoir  on  Caustics.'^ 
By  A.  Caylst^  F,B.S.   Beoeived  November  15, 1866. 

(Abstract.) 

It  is  near  the  conclusion  of  my  "  Memoir  on  Caustics,"  Phil.  Trans, 
vol.  cxlvii.  (1857).  pp.  273,  312,  remarked  that  for  the  case  of  parallel  rays 
refracted  at  a  circle,  the  ordinary  construction  for  the  secondary  caustic 
cannot  be  made  use  of  (the  entire  curve  would  in  fact  pass  off  to  an  infinite 
distance),  and  that  the  simplest  course  is  to  measure  off  the  distanoe  GQ 
from  a  line  through  the  centre  of  the  refracting  drcle  perpendicoiar  to  the 
direction  of  the  incident  rays.  The  particular  secondary  caustic,  or  ortho- 
gonal trajectory  of  the  refracted  rays,  obtained  on  the  above  supposition 
was  shown  to  be  a  curve  of  the  order  6 ;  and  it  was  farther  shown  by  con- 
sideration of  the  case  (wherdn  the  distance  6Q  is  measured  off  from  an 
arbitraiy  line  perpendicular  to  the  incident  rays),  that  the  genersi  secondary 
caustic  or  orthogonal  trajectory  of  the  refracted  rays  was  a  curve  of  the 
same  order  8.  The  last-mentioned  curve  m  the  case  of  reflesion,  or  for 
/IK— I,  degenerates  into  a  curve  of  the  order  6  j  and  I  propoae  in  the 
present  supplementary  memoir  to  discuss  this  sextic  curve ;  via.  the  seztic 
curve  which  is  the  genersi  seoondaiy  caustic  or  orthogonal  trajectory  of 
parallel  rayi  reflected  at  a  drde. 


November  30,  1866. 
ANiSI\'ERSABY  VRKTixa. 

Lieut.-General  SABINE,  President,  iu  the  Chair. 

Dr.  Gladstone,  on  the  part  of  the  Auditors  of  the  Treasurer's  Accounts 
appointed  by  the  Society,  reported  that  the  total  receij)ts  during  the  past 
year,  indodiug  a  balance  of  £15  9«.  carried  irom  the  preceding  year, 
amounted  to  ^295  16s.  lid. ;  and  that  the  total  expenditure  in  the  same 


Digitized  by  Google 


1866.] 


Anniversary  Meeting. 


269 


prriod  .imonntcd  to  3^3629  15*.  5</.,  Icnvinp;  a  balaiice  of  .-€638  8*.  Id. 
at  the  Bankers,  and  of  j627  13*.  5c?.  in  the  hands  of  the  Treasurer. 
The  thauks  of  the  Society  were  voted  to  the  Treasurer  and  Auditors. 

The  SecKtaiy  read  the  following  Liata > 

Fellows  deceased  since  the  last  Anni¥ersarjr. 

lloyul. 

Hia  Majesty  Leopold,  King  of  the  Belgians,  K.G. 
Om  the  Home  Litt. 


Benjamin  Gay  Babingfcoit,  M.D. 

William  Thomas  Brande,  D.CX. 
Bight  Hon.  Sir  James  Lewis  Knight 

Bruce,  Knt.,  D.C.L. 
Bichard  John  Hely  Hatchinion, 

Earl  of  Donoughmore. 
Sir  Ciiarles  Locke  Eastlake,  D.C.L. 
Joseph  Edye,  Esq. 
G.  W.  Featherstonhaugh,  Esq. 
Charles  Lord  Glenelg,  D.C.L. 
"William  Gravatt,  Esq. 
John  Scandrct  Harford,  D.C.L. 
Charles  James  Ilargreave,  LL.D. 
"Willi am  Henry  Harvey,  M.D. 
Ivuljct  t  Hunter,  Esq. 
Percivai  Norton  Johnson,  Esq. 
Edwanl  Kater,  Esq, 
John  Lee,  LL.D. 


Rer.  Samuel  Rofly  MaitUnd,  D^B. 
Thomas  Spring  Rice,  Lord  Mon- 

teagle  of  Brandon. 
Francis  Thornhiil  Baling,  Baron 

Northbrook. 
Horatio  William  Walpole,  Earl  of 

Orford  (in  1858). 
George  Rennie,  Esq. 
Henry  Darwin  Rogers,  TiTi.D. 
Edward  James  Seymour,  M.D. 
Samuel  Reynolds  Solly,  Esq. 
Joseph  Toynhee,  Esq. 
Lieut. -Col.  Sir    John  Maxwell 

Tyhlen,  Knt. 
Rev.  William  Whewell,  D.D. 
Right  Hon.  Sir  James  Wigram, 

Knt.,  M.A. 
Nicholas  Wood,  Esq. 


On  the  Foreign  List. 
Geofg  Fricdrich  Bendiard  Biemann. 

Change  of  Name, 
Rer.  Henry  Chri^atmas  to  Noel-Feam* 

Defaulter^ 
Colonel  John  Le  Coutcnr. 
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Fellows  elected  since  the  last  AuniTersary, 
On  the  Home  List. 


John  Charles  Backnill,  M.D« 
Rev.  Frederic  William  Farrar. 
'^UiAm  Augustus  Guy,  M.B. 
James  Hector,  M.D. 
John  William  Kaye,  Esq. 
Hugo  Muller,  Ph.D. 
Charles  Hurchison,  IVLD. 
William  Henrj  Perkin,  Esq. 


The  Ven.  John  Henry  Pratt,  M.A. 
Capt.  George  Henry  Richards,  ILN. 
Thomas  Ricliardson,  Esq.,  M.A* 
William  Henry  Leigh  ton  Rossell, 
Esq. 

Rer.  William  Sclivyn,  D.D. 
Rev.  Richard  Townsend,  H.A. 
Henry  Watts,  B.A. 


On  the  Foreign  List, 

Franz  Cornelius  "Hnndf  r'^.  |  Gustav  Hose. 

Georg  FrieUrich  Bcriiiiard  liiemauu.  | 

Readmiiied, 
Wil^  Bird  Herapath,  M.D. 

The  President  then  addressed  the  Society  as  follows : — 

Gkntlemen, 

During  the  autumnal  recess,  and  in  the  absence  of  the  President,  the 
Treasurer,  on  karoing  that  the  GoTemment  had  it  in  contemplation  to 
assign  the  main  building  of  Burlington  House,  now  appropriated  to  the 
Royal,  Chemical,  and  Linnean  Societies,  to  the  Royal  Academy  (together 
with  ground  m  its  rear  for  the  erection  of  additional  buildings),  deemed  it 
advisable  in  the  interests  of  the  Society,  and  after  consultation  with  tlie 
Senior  Secretary,  to  address  a  letter  to  the  Earl  of  Derby.  The  officers  of 
the  Sodety  were  referred  by  his  Lordship  to  the  Chief  Commissioner  of 
Worki^  by  whom  they  were  informed  in  reply  that  due  provision  was  to  be 
made  for  the  Societies,  and  that  the  Architects!,  Messrs.  Banks  and  Barry, 
with  whom  the  Office  were  to  advise  on  the  subject,  were  mstruct^  to 
confer  with  the  Council  of  the  Royal  Society.  Those  gentlemen  having 
accordingly  communicated  to  the  Council  that  they  are  directed  to  report 
to  the  Government  on  the  accommodation  that  can  be  provided  for  the  Royal 
and  the  other  Societies  in  new  buildings,  to  occupy  part  of  the  space  between 
Burlington  House  and  Piccadilly,  the  Council  have  appointed  a  Committee 
to  consider  the  whole  matter  and  to  confer  with  the  Architects  thereupon. 
The  Committee  have  \vn\  nn  interview  with  Mr.  BankSy  and  have  handed 
in  a  statement  setting  forth  the  nature  and  extent  of  accommodation  that 
will  be  required  for  the  Society  in  lieu  of  their  present  apartments.  There, 
HO  far  as  wc  nro  informed,  the  matter  rests  for  the  present,  but  from  the 
tenor  of  the  communications  which  Imve  passed,  there  stems  every  rcaf^ou 
to  feel  confident  that  the  Society  will  be  suitably  and  amply  provided  for. 

I  had  the  pleasure  of  auuouncing  at  the  last  Aunivemry  ikut  liic 
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printing  of  the  Catalogue  of  Scientific  Papers,  in  the  preparaiion  of 
which  we  have  hcen  so  long  engaged,  was  at  length  commeuct-d.  Twenty, 
eight  quarto  ahetti  are  now  printed  and  eight  more  are  in  type.  The  work 
woold  now  have  been  fiirther  advanced,  had  not  the  Superintending 
Commitee  in  the  mean  time  obtained  aoeesa  to  additional  Periodical  Works, 
containing  Memoin  deaerring  to  be  indnded  in  the  Catalogue,  and  too 
nnmeroui  to  warrant  their  being  postponed  for  a  supplement.  The  printing 
has  therefore  been  interrupted  for  a  time  in  order  to  allow  of  the  insertion 
of  these  additional  titles  in  their  proper  places*  Moreover,  proofs  of  ereiy 
sheet  are  supplied  to  scTeral  of  the  Members  of  the  Library  Committee  who 
separately  revise  them ;  and  this  mode  of  proceeding  no  donbt  somewhat 
protracts  the  work,  but  it  has  the  more  than  compensating  advantage  of 
secnring  the  greatest  attainable  accunuj. 

The  attention  of  yonr  Council  has  been  much  occupied  in  the  past  year 
in  complying  with  a  request  from  Her  Majesty's  Government  for  the  advice 
and  co-operation  of  the  Royal  Society  in  the  re-orgnniz.ition  of  the  Meteo- 
rological Department  of  the  Board  of  Trade,  and  in  preparing  the  prelimi- 
nary arrangements  for  the  establishment  of  a  system  of  Uritisli  Land« 
Meteorology  to  be  carried  out  under  the  authorization  of  that  Board* 

Perhaps  there  is  no  branch  of  scientific  research  in  which  a  greater 
amount  of  human  labour  has  been  expended  than  has  been  the  case  in 
Meteorology, — a  natural  consequence  of  its  intim-ite  connexion  in  so  many 
ways  with  the  interests  nnd  pnrsuits  of  mnn  ;  and  it  may  perhaps  be  said 
with  equal  trutli  that  there  is  no  department  of  natural  knowledge  in  which 
the  labour  bestowed  has  been  of  a  more  desultory  character,  or  the  value 
aud  importaiu  c  nf  the  conclusions  Icj^ri  eotnmensiirate  witli  the  time  and 
labour  bestowed  on  tlieir  acquisitiou.  The  object  to  be  desired,  therefore, 
is  scarcely  so  much  to  give  a  stronger  impulse  to  the  spirit  of  inquiry,  as 
to  aid  in  giving  to  that  which  exists  a  more  systematic  direction.  This 
has  been  attempted  in  several  of  the  continciilal  States  of  Europe  and 
Atnerica,  by  the  establishment  at  the  cxjieuse  of  the  respective  govern- 
ment??, and  under  the  superintendence  of  men  eminently  qualified  by 
theoretical  and  practical  knowledge,  of  systematic  climatological  researches ; 
and,  ns  regards  the  individual  states  themselves,  it  may  be  confidently  said 
that  the  results  have  been  very  beneficial. 

For  some  time  past  it  has  been  desued  to  establish  a  closer  connexion 
between  these  independent  and  separate  systems  of  observation,  by  effect- 
ing an  assimilation  of  instrumental  means,  and  of  the  modes  and  times  of 
observation.  It  was  chiefly  in  this  view  that  the  assembbge  took  place  by 
special  inritation,  at  the  Cambridge  Meeting  of  the  British  Association  in 
]8I5»  of  the  Directors  of  the  principal  meteorological  (and  magoetical) 
observatories  in  Europe  and  America ;  and  that  a  second  meetmg  took  place 
at  Brussels  in  1853.  The  dtfliculty  that  impeded  success  on  these  two 
occasions  cannot  be  better  stated  than  ui  the  words  of  Captain  Maniy*  in 
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his  Beport  to  the  Qovmrnent  of  the  United  Statea,  by  whom  he  had  been 
appointed  to  Tint  the  principal  European  Meteorolo^cal  Obaemtoriee  for 
the  exprcas  pofpoie  of  nrg^  a  uniforaiitjr  of  procedare. 

**  I  woald.racommend  that  the  United  Statea  should  abandon*  for  the 
time  at  least,  that  part  of  the  '  Universal  System  *  which  relates  to  the 
Land,  and  that  we  should  direct  our  efforts  mainlj  to  the  Sea,  where  there 
is  auoh  a  rich  harvest  to  be  gathered  for  navigation  and  oommerce.  I  am 
indtned  to  make  this  recommendation  in  consequence  of  the  evident  relnet^ 
anoe  with  which  Rusria,  Aastria,  Bavaria»  Belgium,  and  other  powers 
seem  to  regard  any  change  in  their  systems  of  meteorological  observations 
on  shore.  Each  country  seems  to  have  adopted  a  system  of  its  own« 
according  to  which  its  labonien  have  been  accustomed  to  work*  and  to 
which  its  meteorologists  are  more  or  less  partial.  Any  proposition  having  in 
view  for  these  systems  a  change  so  radical  as  to  bring  them  into  uniformity, 
and  reduce  them  to  one  for  all  the  world  would,  I  have  reason  to  believe,  be 
regarded  with  more  or  less  jealousy  by  many, — not  sn,  however,  with  regard 
to  the  sea  ;  that  proposal  meets  with  decidetl  fnvoiir  aud  warm  support." 

The  most  hopeful  wuv  of  removing;  the  ditticuitiea  which  impeded  the 
adoi)tion  of  a  Rystem  in  which  all  might  williugly  unite  was  obviously  the 
introductiou  of  instruments  which  should  be  continuously  self-recording, 
and  which,  afler  sufficient  trial,  should  receive  general  approval.  The 
importance  of  such  a  substllutuni  had  been  recognized  at  the  Observatory 
of  the  British  Association  at  Kew  at  a  very  early  date,  even  before  the 
Cambridge  Meeting  of  the  British  AsbOciaLion  in  1845;  aud  at  that  meet- 
ing the  satisfactory  performance  was  announced  of  a  photometrically  self- 
recording  barometer,  self-compensated  also  for  temperature,  devbcd  by 
Mr.  Francis  Run.ilds,  the  Honorary  Director  of  the  Kew  Observatory,— the 
same  to  whose  iacrits  in  regard  to  the  iustantaneous  transmission  of  mes- 
si^es  by  means  of  electricity,  at  the  very  early  date  of  1823,  atteutiou  has 
been  recently  called  in  tlic  public  journals.  Encouraged  by  this  success  in 
one  instrament,  the  Directors  of  the  Kew  Observatory  proceeded,  as  rapidly 
as  the  means  at  their  disposal  enabled  them  to  do,  towards  the  provision  of 
self-recording  instruments  for  the  other  meteorological  dementa  (as  well 
as  for  the  magnetical  elements),  and  were  eomiderably  advanoed  in  their 
preparations  when  in  1854  the  Board  of  Trade  informed  the  President  and 
ConneO  that»  in  fhlfilment  of  a  previous  earnest  recommendation  to  that 
dfeetfrom  the  Koyal  Society,  tlicy  were  *'abont  to  submit  to  Parliament  an 
estimate  for  an  office  fbr  the  discussion  of  observations  on  meteorology  made 
ai  sea  in  all  parts  of  the  globe  adding  that,  ^  as  it  may  posnbly  happen 
that  observations  or  Lmid  upon  an  eitensive  scale  may  hereafter  be  made 
and  discussed  m  the  same  office,  it  is  desirable  that  the  Royal  Sodctjy  should 
keep  in  view  and  provide  for  such  a  contingency**' 

The  iuliject  of  a  Government  system  of  Meteoiological  Observatioos  on 
Land  was  sgain  brought  under  the  consideration  of  the  Boyal  Society  in  m 
letter  from  the  Board  of  Trade  in  May  1865/  and  the  President  and 
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Council  were  expressly  requested  to  ofTcr  suggestions  in  reference  to  it. 
The  suggestions  which  they  oflfcrcd  in  reply  have  heeu  made  known  to  the 
Soeiety,  iu  tluir  lending  outhncs  at  least,  iu  my  Address  of  last  year,  and 
in  No.  82  of  our  *  Proceedins-s.'  Thcv  have  been  submitted  hv  the  Board 
of  Trade  to  a  Committee  appointed  by  itself.  >vl)ose  c^eneral  aj  proval  tlvey 
are  understood  to  have  received  ;  and  the  whole  scheme  is  now  under  tho 
consideration  of  Government  in  respect  to  its  cost. 

The  seaHDbservations,  so  hopefully  spoken  of  by  Captain  iMaury,  were 
the  subject  of  a  very  full  communication  addressed  by  the  President  and 
Council  of  the  Roynl  Society  to  the  Board  of  Trade  in  February  1855,  and 
the  reconimendatioas  contained  therein  were  made  the  basis  of  the  instruc- 
tions given  tu  iLj  Meteorological  Oftiec  of  the  Board  of  Trade  at  its  first 
formation.  The  collection  of  wLat  have  since  been  comprehended  under 
the  general  designation  of  "Ocean  Statistics"  proceeded  for  sometime 
with  mach  activity  and  success  under  the  direction  of  our  lamented  Fellow 
the  late  Admiral  FitzRoy.  His  exertions  and  those  of  his  assistants  were 
afterwarda  in  great  measuxe  diverted  to  an  ohjeet  whidit  If  it  oodld  be — Ofy 
to  apeak  more  sangoi&ely,  wheoerer  it  ahall  become^praeticalljr  attain* 
able  with  a  fair  measure  of  sdentiilc  certainty,  will  assuredly  both  deserve 
and  leoeire  in  the  highest  degree  general  favonr  and  support*  I  mean 
the  system  popularly  known  by  the  appellation  of  *'  storm^wamings.'* 
Meanwhile^  if  the  recommendations  of  the  Boyal  Society  and  the  inten- 
tions entertained  by  the  Board  of  Trade  shall  now  leoeiTe  the  hoped-lbr 
sanction  of  the  general  government^  the  collection  of  ocean  statistics  and 
their  systematic  combination  will  be  tesnmed  with  fresh  vigonr,  and  with 
all  the  aids  which  experience  and  matured  scientific  consideration  can 
afford ;  and  at  the  same  time,  if  our  hopes  respecting  the  proposed  system 
of  Land-Meteorology  are  realised*  and  if  its  fhiita  correspond  in  a  Air 
degree  to  the  expectations  which  we  Tentnre  to  form  respecting  them,  we 
shall  gradually  obtain  such  a  more  complete  knowledge  of  the  laws  whidk 
govern  the  changes  of  weather  in  the  British  Islands  and  their  vidnity,  as 
may  enable  the  predictions  of  approachuag  storms  or  storm-warning8»"  if 
now  suspended,  to  be  resumed  hereafter,  and  at  no  very  distant  period, 
with  far  greater  confidence  and  more  assured  advantage. 

At  our  last  Anniversary  I  acquainted  you  that  the  Legislature  of  Victoria 
had  voted  the  sum  of  ^£5000  for  the  construction  of  a  large  reflecting  telescope 
»to  be  erected  at  Melbourne  and  employed  in  a  thorough  snrvcy  of  the  Ncbnloo 
and  multiple  stars  of  the  southern  hemisphere.  They  also  reqno'^tod  the 
cooperation  of  the  President  and  Council  of  the  Royal  Society  in  arranging 
a  contract  for  the  work  and  snpcrintcnding  its  execution.  "We  ?:elected 
for  the  task  one  of  ntir  Fellows,  Mr.  Grubb  of  Dublin,  whose  well-known 
optical  and  Tneehaiiical  talents  trave  «urc  ])roniise  of  success,  and  wc  obtained 
for  him  tlic  advantage  and  assistance  of  a  Su|)criutendiug  Committee,  con- 
watiug  of  our  late  President  the  jiarl  of  iloase,  Dr.  Uobioson,  and  Mr.  Warreu 
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De  la  Bne.  The  contract  for  the  work  was  ngned  on  the  1  Dth  of  January ; 
the  progress  has  been  rapid,  and  I  have  great  pleatnre  in  informmg  jon 
that,  according  to  all  appearance,  the  inatrument  will  be  ready  for  trial  in 
the  apring  of  1867.  All  the  large  parts  of  it  are  ready  for  monnting,  and 
the  rest  considerably  advanced.  The  lattice-tube,  the  appearance  of  which 
is  known  to  many  of  us  from  the  photographs,  is  pnt  tocher.  It  ia made 
of  ribs  of  steel  to  combine  lightness  and  strength ;  they  are  rolled  taper  to 
effect  this  in  the  highest  degree.  Tjie  equilibrated  systems  of  levers  which 
support  the  great  speculum,  with  their  boxes,  are  of  the  same  material  and 
are  also  completed.  Three  specula  have  been  cast  on  a  plan  differing  from 
that  of  Lord  Rosse  only  by  such  modifications  as  were  made  necessary  by 
their  having  ccntrn!  apertures.  The  first  specnhim  came  out  sountl  from 
tlic  nTiMonlin:^  finnacc,  but  had  two  blemishes  on  its  surface  which  would 
have  requiri  d  a  month  tn  j^rind  out,  and  Mr.  Grubb  broke  it  up  without 
hesitation,  tliough  not  niauy  years  ago  such  a  disk  would  have  been  almost 
ineslimable.  The  second  cast  1ms  been  successfully  ground,  and  its  surface 
is  faultless.  Tlie  third,  a  duplicate  speculum,  was  cast  on  the  '24t!i  oi 
October.  The  grinding  has  been  performed  by  the  polishing  machiue  and 
steam-enghic  which  belong  to  the  telescope,  and  will  aecompany  it  to 
Melbourne.  The  Irial-jiKis  on  which  the  instrument  is  to  be  set  up  for 
the  examination  of  the  Superintending  Committee,  are  ready. 

At  the  request  of  the  Board  of  Visitors  of  the  Melbourne  Observatory, 
and  at  the  recommendation  of  the  aforenamed  Superintending  Committee, 
I  have  appointed  as  Observer  with  this  telescope  Mr.  Albert  Le  Suear,  n 
Graduate  at  Cambridge  and  a  Wrangler  in  1863.  He  is  at  present  trainins 
himself  in  sidereal  astronomy  at  the  Cambridge  Observatory  under  the 
guidance  of  Professor  Adams,  and  will  be  present  at  the  polishing  of  the 
specula*  Mr.  De  la  Rue  has  kindly  promised  to  instruct  him  in  the 
practloe  of  celestial  photography ;  so  that  there  is  reason  to  hope  that  this 
magnificent  instrument  will  be  used  with  full  intelligence  and  leal,  and 
amply  repay  the  munificent  spirit  that  has  guided  the  Legialature  of  thia 
eneiigetic  and  proaperons  colony. 

• 

The  large  appropriation  made  by  the  Colony  of  Victoria  for  the  coil« 

struct  ion  of  this  telescope  and  for  its  accompanying  spectroscope,  and  for 
n  suitable  provision  for  its  efTcctivc  employment  at  Melbourne,  have  not 
been  the  only  manifestation  in  tlic  present  year  of  the  enlightened  spirit 
which  animates  and  guides  the  L  lI  lature  of  that  colnny.  A  sum  lias 
ht^n  remitted  and  received  in  this  country  for  flic  imrchase  of  a  com- 
plete equipment  of  self-recording  raagnetical  instnunruLs  on  the  model  of 
those  at  the  Kew  Observatory,  to  be  located  in  the  Government  Reserve 
acyaoent  to  the  Melbourne  Astronomical  Observatory,  and  to  be  empiovcd 
under  the  superintendence  of  iU  director,  Mr,  EUcr)-.  The  instruments 
haye  been  made  and  verified  under  the  immediate  care  of  the  Director  of 
the  Kew  Obsenratoiy,  and  have  been  despatched  to  their  destination.  The 
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system  of  intended  observation  is  modelled  on  that  exempliileii  at  iLe  Kew 
Observatory. 

The  intendoD,  adYCrted  to  m  my  last  year's  Address,  of  the  Government 
of  llmritiui  to  etteblidi  there  a  magn^  obienratory,  working  with  the 
iiutnimeiiti  aod  adopting  the  methods  exempBiled  at  Kew,  his  been  Bince 
UMioied.  The  neeessaiy  funds  have  been  remitted,  and  the  iustroments 
are  made  and  are  now  under  process  of  Terificatkm  at  Kew,  where 
Froftssor  Meldmm,  the  Director  of  the  Mamitius  Obserratoiy,  is  daOy  ex- 
pected to  arrtve,  with  the  view  of  making  himself  thoroughly  acquainted 
with  the  iostmments,  and  with  the  processes  in  whieh  they  are  to  be  em- 
ployed. The  geographical  position  of  llauritias  is  a  very  important  one, 
both  for  magnetical  and  meteorological  observations.  Hitherto  meteo> 
rology  has  been  ezdosively  pursued  there,  and  the  researches  of  Professor 
Mddram  on  the  eydonic  storms  which  prevail  in  the  vicinity  of  the 
Island  are  well  known. 

Those  of  our  Fellows  who  remember  the  assiduity  and  devotion  to  sci* 
entifio  pursuits  manifested  by  Mr.  Charles  Chambers  during  hb  employ-, 
ment  as  one  of  the  assistants  of  the  Kew  Observatory,  will  be  glad  to  learn 
that  he  has  received  from  the  Crovernment  of  Bombay  the  temporary  ap- 
pointment of  Superintendent  of  the  Bombay  Magnetical  and  Meteoro- 
logical Observatory*  and  in  that  capacity  has  been  required  to  submit  u 
scheme  for  the  reorganization  of  the  observatory,  with  instruments  and 
methods  of  rescarcli  suitable  to  the  advance  irhich  has  been  niiiJc  in  thcic 
respects  in  the  last  twen^-five  years.  ^Fr.  Chanibcr3*s  report  is  understood 
to  be  on  its  way  from  the  Government  of  Bombay  to  the  India  Office,  vnih  a 
view  to  its  being  submitted  to  the  consideration  of  the  President  and  Council 
of  the  Royal  Society  ;  and  should  it  be  approved,  it  will  probably  lead  to  the 
permanent  employment  of  Mr.  Chambers  in  his  present  temporar  y  position, 
and  to  the  thnrnujrh  utilization  of  the  ob-frvntions  of  past  years,  in  addi- 
tion to  the  |ir(  spt  ri  ot  most  efficient  wt  rk  at  this  observatory,  under  the 
best  conditions,  both  personal  and  material,  for  the  futnre. 

I  have  to  add  to  the  list  of  niaiructic  observatories  established  in  tlio  pre- 
sent year  one  at  the  Roman  Catholic  CoUo^^e  at  Stonyhurst,  supplied  with 
the  Kew  instruments,  and  pursuing  the  same  methods  of  observation  and 
reduction.  I  refer  to  this  with  the  greater  satisfaction,  because  in  addition 
to  the  value  to  science  of  the  actual  work  performed  at  the  observatory,  it 
may  be  expected  to  be,  and  is  expressly  dcsijrned  by  the  authorities  of  the 
College  to  be  a  means,  amongst  others  adopted  by  them,  of  fostering  among 
the  students  a  taste  for  scientific  pursuits,  which  may  rejuhin  with  them  in 
afterlife.  For  this  latter  purpose  Stoiu  huist  has  added  to  the  more  ordiuary 
modes  of  instruction  iu  natural  knowledge  that  practical  instruction  which 
is  only  to  be  gained  by  working  under  proper  tuition  in  observatories  and 
laboratories  directed  to  special  scientific  pursuits,  among  which  magnetism^ 
terrestrial  and  celestial,  may  now  be  considered  to  have  taken  its  place. 

It  was  from  the  twofold  motive  of  aiding  the  advancement  of  science  by 
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thk  additional  observatory  on  the  one  hand,  and  on  the  other  of  conhrUm- 
ting  to  the  disseminfttioa  of  a  taste  for  scientific  pursuits  anumg  a  large 
class  of  our  gentry,  that  the  Council  of  the  Kojal  Society  thought  it  right 
to  allot  last  year  from  the  parliamentary  grant  annually  placed  at  their 
diapotali  a  sum  Bufficient  to  defray  half  the  ooit  of  a  aet  of  nagnetical  i»- 
atramentifor  Stony  hurst. 

This  is  the  fortieth  year  ^inrr  Afr.  ?>chwnbp  begnu  at  Dessau  liis  series 
of  observntions  on  thi'  Siilar  s])ots,  wliich  he  h.is  continued  \>ithoiit.  imer- 
mi'sion  from  ISJfi  to  tlu*  ])rcsc'nt  time.  Inipri'sscd  with  tlie  cxtretne  de- 
Kirnblciu'S'^  of  continuing  beyond  the  limits  of  a  single  life  ft  scries  already 
90  vniuablc,  the  Committee  of  the  Kcw  Obscnntory  concerted  with  Mr. 
Sobwabc  tor  tbc  cnnimencpnient  last  year  at  Kcw  of  a  series  which  should 
run  parallel  with  his  for  a  time,  and  \\bieb  at'tcrwards,  when  the  identity 
or  proximate  identity  of  tbc  two  should  bnvc  In  en  established,  might,  it 
was  hoped,  be  prolonged  iudc  tiuitely  thron;/b  future  years.  Mr.Schwabe*s 
observations  and  those  at  Kew  jiave  accordingly  been  proccedins;  con- 
temporaneouely,  and  tbe  comparison  between  their  results  during  tbc  ten 
months  from  Junuary  to  October  18GG  inclusive,  gives  reason  to  believe 
that  the  object  will  be  aatisfactorily  attained.  The  number  of  new  groups 
of  spots  obscnred  at  the  two  stations  in  the  ten  months  is  identical,  and 
very  afanilar,  if  not  always  (juite  identical,  in  each  single  month ;  although, 
as  might  have  been  expected  from  the  difference  between  the  continental 
and  msnhur  dimates,  the  nnmher  of  days  of  obienration  at  Kew  u  conadcp- 
ably  less  than  at  Bessan. 

The  results  of  the  first  year*s  experiments  with  the  pendukms  which 
were  noticed  in  my  last  ycar*s  Address  as  having  been  sopplied  toihe 
Indian  Trigonometrical  Survey,  have  been  received  from  Colonel  Walker, 
R.A.,  P.R,S.»  Superintendent  of  the  Survey.  They  were  made  by  Captain 
Basevi  at  several  stations  where  the  triangulation  is  now  proceeding.  In  a 
letter  to  myself  acoompanyuig  them,  dated  August  dO  of  the  present  year. 
Colonel  "Walker  says,  "Already  these  experiments  are  beginning  to  throw 
light  on  the  subject  of  Himalayan  attraction ;  for  the  observations  clearly 
show  that  the  foroe  of  gravity  is  less  than  it  should  he  theoretically  at 
the  stations  in  the  viemity  of  tbe  Himalayas,  and  that  the  difference  between 
theory  and  practice  diminishes  the  further  tbe  station  is  removed  from  the 
Himalayas.  This  seems  a  remarkable  confirmation  of  the  Astronomer 
Royal's  opinion,  that  the  strata  of  the  earth  below  moontalDs  are  less 
dense  than  the  strata  below  ])lainfi  and  the  bed  of  tbe  sea.  Combining 
these  observations  with  those  which  were  used  by  Mr.  Baily,  including* 

I  believe,  all  your  own,  the  value  of  tbe  cllipticity  will  be  -1."  The 

general  result  obtained  from  tbc  thirteen  stations  <  l  iny  equatorial  and 
arctic  voyages  (1621-182^)  was  That  obtained  by  Mr.  Baiiy  from 
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Oa]>tain  Foiter'i  experinMOts  In  liii  tqoatorial  tnd  mlaroMe  Toya|;e  (1828-^ 
1830)  wasj^^. 


In  our  Transactions  of  the  present  year  we  hare  an  elaborate  and  valuable 
memoir  by  Mr.  Abel  "On  the  Mtnufiietnie  and  Composition  of  Gun-cotton/' 
pointing  oat  the  eanaee  of  the  difference  in  the  analytical  results  obtained 
by  many  of  the  earlier  Inquireis  into  its  nature,  and  eonfiiming  its  eompo- 
silion  as  determined  hy  Gram  and  more  fully  proved  by  Hadow,  and  again 
stated  by  the  Committee  of  Chemists  who  reported  on  Baron  Ton  Lenk's 
Ckin-ootton.  In  pnfsuing  these  analytleal  inqnlries»  Mr.  Abd  has  tested 
the  methods,  both  synthetical  and  analytical,  formerly  employed,  and  hst 
devised  some  modes  of  ansJysis  of  his  own.  The  multiplied  and  varied 
experiments  which  he  has  made  leave  no  room  to  donht  the  accuracy  of 
his  results,  though  they  differ  firom  those  of  M.  Pelouse. 

With  regard  to  the  processes  of  mannfacture,  Mr,  Abel  has  proved  by 
experiments,  both  in  the  laboratory  and  on  a  mannfacturing  scale,  that 
Baron  von  Lenlc's  method,  althoogh  it  does  not  at  first  sight  present  any 
important  features  of  novelty,  yet  unquestionably  ensures  the  attainment  of 
greater  uniformity  and  purity  of  the  product,  though  Mr.  Abel  has  him* 
self  suggested  one  or  two  modifications  of  importance.  The  most  valuable 
practical  result  deduced  by  Mr.  Abel  from  his  expeiiments  is,  that  the 
instability  which  has  been  observed  in  certain  samples  of  gun-cotton,  pro- 
ducing  the  gradual  decomposition  of  such  samples  by  prolonged  lieeping^  is 
due  to  insufficient  purification  of  the  material  employed,  in  consequence  of 
which  oxidized  products  of  small  quantities  of  resinous  and  other  foreign 
substances  arc  formed  in  the  manufacture,  and  are  still  retained  by  the  tn* 
bular  fibre  of  the  cotton.  These  undergo  decomposition,  and  the  change 
extends  to  the  mass.  I^Iatiy  of  these  impurities  are  removed  by  the  action 
of  the  nlkahnehath  upon  thecofloii  before  treating  it  with  the  nitric  and  sul- 
phuric acids,  and  others  may  in  great  measure  be  dissolved  by  a  final  boil- 
ing with.a  weak  nlkahne  sohition. 

Mr.  AbePs  paper  is  an  important  contribution  towards  a  more  complete 
knowledge  than  has  hitherto  obtained  of  the  precautions  which  are  required 
in  the  manufacture  of  gun-cotton  in  order  to  diniioish  still  further  both 
the  risk  of  accidents,  and  the  liabihty  to  injury  of  tlic  material  when  not 
stored, — as  it  ought  invariably  to  be  when  no  paramount  reason  requires  an 
exception, — eiiiicr  under  water  or  in  a  state  of  moisture  precluding  ignition. 

Since  my  Address  last  year  little  has  been  done  iu  regard  to  the  success- 
ful application  of  gun-cotton  to  the  large  oj  duaucc  employed  in  the  public 
service.  The  desideratum  for  this  purpose  may  he  stated  to  he  a  form  of 
cartridge,  which  with  the  required  velocity  of  the  projectile  on  quitting  the 
piee^  shall  have  produced  an  approach  to  an  equality  of  strain  upon  every 
point  of  the  bore,  from  the  instant  of  ignition  to  that  of  the  discharge. 
In  the  absence  of  a  test  of  the  degree  to  which  this  Is  accomplbhed,  ex- 
periments on  different  forms  of  the  cartridge  are  necessarily  tentatiTC,  ami 
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the  instruction  derived  from  them  of  comparatively  liUle  value.  Thtfuo* 
duction  of  an  apparatus  by  which  tlie  actual  strain  experienced  in  successive 
parts  of  the  bore  may  be  recorded,  is  in  fact  the  first  step  in  a  scientific 
inquiry  which  should  establish  the  proper  relations  between  the  form  of 
the  cartridge  and  the  gun.  But  for  the  production  of  an  efficient  appara- 
tus for  this  purpose,  a  clironoscope  of  greater  delicacy  and  perfection  thaa 
any  we  have  hitherto  pu.ssessed  in  Eugland  is  indispeusnble.  A  clirono- 
scope recently  devised  by  Captain  Schultz  of  the  French  Artillery  appears,  as 
far  as  can  be  judged  previous  to  a  practical  trial,  lo  (  orrcspond  to  these 
conditions,  and  to  be  likely  to  supply  a  means  of  surmounting  the  difiicuity  j 
it  is  not  improbable  that  it  will  be  tried  in  the  preseot  year. 

I  proceed  to  the  award  of  the  Medals. 

The  Copley  Medal  has  Lcen  awarded  to  rrofessor  Julius  riiicker.  Foreign 
Member  of  the  Royal  J^ocicty.  for  his  researches  in  Analytical  Geometry. 
Magiu'tis!!!,  and  i>pectrul  Analysis. 

To  an  audience  not  exclusively  mathematical  it  is  obviously  impossible 
to  enter  iaio  detaiU  of  researches  which  deal  with  geometrical  questions  of 
no  ordinary  difficulty.  Amongst  these,  however,  may  be  indicated,  as 
especially  appreciated  by  those  who  are  inteiested  in  the  progress  of  ana* 
lytical  geometry,  his  theory  of  the  siogularities  of  plane  curres  as  developed 
in  the  "  Algehriiische  Curven»**  with  its  six  eqoations  oonnecting  them 
with  the  order  of  the  corves :  the  papers  on  point  and  line  coordinates  and 
on  the  general  nse  of  symbols,  may  also  he  noticed  as  establishing  bis  claim 
to  a  position  in  the  department  of  abstract  science  which  is  attained  by 
few  even  of  those  who  give  to  it  their  undivided  attention.  But  Professor 
Pliicker  has  high  merits  in  two  other  widely  diflferent  fields  of  research, 
vis.  in  Magnetism  and  8pectrology :  and  to  these  I  may  more  freely  invite 
your  attention. 

Shortly  after  Faraday's  discovery  of  the  sensibility  of  bodies  generally  (o 
the  action  of  a  magnet  and  of  diamagnetism»  Professor  Pliieker,  in  re- 
peating some  of  Faraday's  ei:perimeDts,  was  led  to  the  discovery  of  magnc- 
ciystallic  action,— that  is,  that  a  crystallized  body  behaves  differently  in  the 
magnetic  field  according  to  the  orientation  of  certain  directions  in  the 
crystal.  The  crystals  first  examined  were  optically  uniaxal,  and  it  was 
found  that  tiie  optic  axis  was  driven  into  tlie  equatorial  position ;  (that  is,  of 
course,  assuming  that  the  magnecrystallic  action  is  not  masked*  in  conae* 
quencc  of  the  external  form  of  the  body,  by  the  paramagnetic  or  diaraag- 
uetic  character  of  the  substance).  New  facts,  discovered  both  by  Faraday 
and  by  Pliicker  himself,  led  him  to  a  modification  of  this  law,  to  the  effect 
that  the  optic  axis  wa.i  impelled,  according  to  the  nature  of  the  crystal, 
either  into  the  ecjuatorial  or  the  axial  position.  This  subject  was  after- 
wards followed  out  by  Professor  Pliicker  into  the  more  complicated  cases 
in  which  the  conditions  of  crystalline  symmetry  arc  such  as  to  leave  the 
crystal  optically  biaiud ;  and  otter  having  recognized  the  iosuQ&ciency  of  a 
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first  empirical  generaHzntion  of  the  Vxw  aj*plicable  to  orjsfals  of  the  rhom- 
boliedral  or  pyramidal  system,  aud  accoidiugly  to  uniaxal  crystals,  he  was 
led  to  assimilate  a  crystal  to  an  assemblage  of  small  criip-ru  ls,  capable  of 
magnetic  induction,  having;  for  their  i»i  iin;ij)al  planes  thi'  planes  of  crystal- 
line sjnnmetrj  where  snch  exist  ;  an  i  to  -ipply  Poissou's  theory.  The  re- 
snlt  of  this  iuvcatigation  is  contained  iu  au  elaborate  paper  read  before  the 
lloyal  Society  in  1857,  and  published  in  the  riuIosojjhicalTransactions  for 
{lie  following  year.  In  this  paper  Professor  Piiicker  has  deduced  from 
theory,  and  verified  by  careful  experiments,  the  mathematical  laws  which 
regulate  the  magnccrystallio  actiop.  These  laws  hare  not  necessarily  in- 
volved in  them  the  MmiefPhaC  nrtifidel  hjpolhesis  respecting  the  magnetic 
struetiue  of  a  crysUd  fiom  which  they  were  deduced ;  end  at  the  close  of 
his  memoir  ProfcMor  Piiicker  recognises  the  theory  of  Professor  Sir  William 
ThomiOD,  with  whieh  he  then  first  became  aeqnainted^  as  a  aomid  basb  on 
which  they  might  be  eetahliahed.  The  lawa»  however,  remain  identicalljr 
the  same  in  whichever  way  they  may  be  derived. 

Another  subject  to  which  Profeesor  Flneher  has  paid  much  attention  is  the 
corioas  aetion  of  powerM  magnets  on  the  laminons  electric  discharge  in  glass 
tubes  containing  highly  rarefied  gas.  In  this  case  the  luminous  discharge 
is  found  (o  be  concentrated  along  certain  curved  lines  or  surfaces.  He  has 
succeeded  in  obtainmg  the  mathematical  definition  of  these  curved  lines  or 
surfaces,  bv  a  simple  application  of  the  known  laws  of  electromagnetic  ac- 
tion, regarding  an  element  of  the  discharge  as  the  element  of  an  electric 
current.  With  regard  to  the  blue  negative  light,  for  instance,  starting 
from  a  point  in  the  negative  electrode,  he  has  shown  that  there  are  two 
totally  distinct  paths,  one  or  other  of  which,  according  to  circumstanceSi  it 
may  take,  going  either  within  the  enclosed  space  along  a  line  of  magnetio 
force,  or  else  along  the  surface  of  the  glass  in  what  he  calls  au  **  epipolie 
curve,"  which  is  the  locus  of  a  point  in  which  the  inner  surface  of  the  ves- 
ael  is  touched  by  the  line  of  magnetic  force  passing  throngh  that  point. 

Angstrom  appears  to  have  been  the  first  to  notice  that  the  spectrum  of 
(he  electric  ppnrk  striking  between  metallic  electrodes  throngh  air  on  an- 
other gns  at  ordinary  prc^^^iires  is  a  compound  one,  consisting  of  very  brigbt 
lines  varying  with  the  iiiet;il,  and  others,  usually  less  bn*?ht,  depending  only 
on  fhr  gas.  Under  the  eireumstances  which  presented  iliemsclves  in  his 
experiments,  the  latter  can  frequently  be  but  ill  observed  ;  and  the  diiTuscd 
llirht  of  a  rarefied  gas  in  a  wide  tube  is  but  faint,  aud  does  not  form  very 
detitiite  spectra.  But  Plucker  found  that  by  employing  tubes  which  were 
capillary  in  one  part,  brilliant  Hirht  aud  definite  sjiectra  were  obtained  in 
the  narrow  part.  These  S})ertra  were  observed  by  him  with  great  care, 
and  were  found  to  be  characteristic  of  the  several  gases  and  to  indicate 
their  (lieiuical  nature,  though  the  gases  might  be  present  in  such  w.inute 
fpirtntitv  OS  utterly  to  elude  chemical  research.  It  furiiier  ajipeaied  that 
compound  ^ascs  ul  any  kind  were  iustantaneously,  or  almost  instautaueously. 
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deeompoted  t  it  least  the  ipeotnt  they  offered  wet«  the  ipectni  of  Quat 
oofistitaenU. 

In  a  recent  memoir,  which  has  only  just  been  puljlished  in  the  Philoso- 
pbioel  Transactions.  Professor  PlUcker  haa  infestigated  the  two  totally  dif- 
ferent spectra  frequently  afforded  by  the  same  elementary  substance  accord- 
ing as  it  is  submitted  to  the  instantaneous  discharge  of  a  Leyden  jar  charged 
by  an  induction-coil,  or  rendered  incandescent  by  the  simple  dischflro:e  of 
the  coil,  or  else,  in  some  cases,  by  ordinary  flames.  The  two  spectra  show 
a  remarkable  difference  in  character,  and  are  not  merely  different  in  the 
number  and  position  of  the  lines  which  they  sliow.  Some  phenomena 
\Thich  he  had  previously  noticed  receive  their  expiauatiou  by  this  twofold 
gpectrum. 

This  difference  of  spectra  is  attributed  by  Professor  Pliickcr,  ^ith  the 
greatest  probability,  to  a  difference  in  the  temperature  of  the  llowing; 
when  the  two  are  respectively  proihieeil.  The  discovery  opens  up  a  new 
field  of  research,  the  exploration  of  which  may  throw  luucli  light  on  the 
correct  interpretation  of  ci  'l  h  lI  piuMiomeno,  especiaiiy  in  relation  to  the 
physical  condition  of  nebular  and  coiuetary  matter, 

pROFBSSOa  MiLLStt, 

As  we  have  not  the  pleasure  of  the  presence  of  Professor  Plucker,  I 
must  request  you,  as  our  Fordgn  Set^taiy,  to  transmit  to  him  this 
Medal*  He  wUl  see  in  it  the  strongest  evidence  of  the  high  estimation  in 
which  his  labonrs  jn  yarious  lines  of  scientific  research  are  held  in  thin 
country ;  and  I  trust  yon  will  also  express  to  him  the  great  pleasure  which 
this  award  g^Yes  to  his  numerous  friends  here«  some  of  whom  have  been 
his  fdlow-laboureis  in  the  same  reseerohes, 

A  Royal  Medal  has  been  awarded  to  Mr.  William  Huggins  ibr  hia 
Resesicfaea  on  the  Spectra  of  some  of  the  Chemical  Elements^  and  on  the 
Spectra  of  certain  of  the  Heavenly  Bodies;  and  especially  for  his  Be- 
searches  on  the  Spectra  of  the  Nebulss^  published  in  the  Philosophical 
Transactions* 

The  researches  on  the  stellar  spectra  referred  to  in  this  award  were  made 

by  Mr.  Huggins  conjointly  with  our  highly  valued  Treasurer  and  senior 
Vice-President,  Dr.  William  Allen  Ikliller.  The  position  of  the  latter  aa 
one  of  the  officers  of  the  Society  and  a  member  of  its  Council  has  forbidden 
the  consideration  of  his  claims  to  share  in  the  honours  which  the  Society 

can  bestow  ;  and  in  conformity  with  the  spirit  of  this,  our  "self-denying 
ordinance,"  it  would  be  my  duty  to  dwell  altogether  on  the  merits  of  our 
Mcilallist,  if,  indeed,  it  were  possible  in  this  case  to  separate  between  the 
merits  of  the  two  authors  of  the  conjoint  research.  Tins  is  scarcely 
possible,  and  I  must  be  excused,  therefore,  if  I  somctimea  speak  of  them 
together. 
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Fmunhofcr,  Lamont,  and  others  have  at  various  tiinc3  attempted  to  ob- 
serve the  spectra  of  the  planets  and  fixed  stars ;  yet,  though  provided  with 
powerful  instruments,  they  obtained  no  important  results. 

Mr.  Huggins  and  Dr.  Miller  devised  a  method  of  seeking  in  the  spectra 
ol  the  fixieditAt  tbit  eridenee  of  the  eaditeiice  in  them  of  known  elementary 
vuhitinoei  which  had  heen  obtained  in  the  caie  of  the  ton  by  Bansen  and 
Kbrchhoff.  A  preliminaiy  isfettigalion  of  the  apeetia  of  the  more  tm« 
portant  of  the  tematrial  ehemioal  elementa,  and  their  diieet  eompariaon 
with  the  lines  in  the  spectnun  of  common  air»  was  undertalcen  by  Mr, 
Hnggios,  with  the  view  of  providing  a  standard  scale  of  comparison,  which, 
nnlike  the  sohff  spectmm«  wonld  be  always  at  hand  when  stelhv  obserra- 
ticns  are  possible*  This  was  in  itself  a  work  of  enoimoua  labour;  and  when 
completed,  the  qieetra  of  the  fixed  stars,  inclnding  those  of  some  double 
atara  of  contiasted  colonrs»  were  attacked  by  the  two  investigatois  j  and 
bj  a  happy  adaptation  of  comparatively  moderate  instmmental  means*  and 
unwearied  diligence  in  observing  and  determining  by  micrometrical  mea- 
sutements  the  positions  of  objects  that  all  but  elude  human  Vision,  their 
researchea  have  been  rewarded  by  the  most  complete  success. 

The  spectra  of  the  stars  were  compared  by  a  method  of  simultaneous 
observation  with  the  spectra  of  many  of  the  terrestrial  elements.  It  is 
opon  this  method  of  direct  comparison  that  the  trustworthiness  of  the 
results  obtained  chiefly  depends,  and  in  this  respect  these  observations 
stand  alone.  [In  1815  Fraunhofer  recognized  several  of  the  solar  lines  in 
the  spectra  of  the  Moon,  Venus,  and  five  of  the  fixed  stars.  In  ibG2 
Donnti  published  diagrams  of  three  or  four  lines  in  fifteen  stars.  Re- 
cently St'cchi,  Ilutherfortl,  and  the  Astronomer  Tloyal  have  given  dia- 
grams of  the  positions,  obtained  by  measurement  only,  of  a  few  strong 
line  in  gpvc stars.]  Eighteen  stars  have  afforded  spectra  containing 
hues  comciding  witli  the  lines  of  many  of  the  olemcntary  substances.  In 
thirty-seven  more  the  spectra  arc  full  of  hues  which  have  not  yet  been 
fully  compared. 

On  extending  tlicse  researches  to  the  Nebulro,  Mr.  Iluggins  made  the 
most  unexpected  discovery  that  the  spectra  of  certain  of  these  bodies  are 
discontiuuoifs,  consisting  of  bright  lines  only,  whence  he  drew  the  conclu- 
sion that  "in  place  of  an  incandescent  solid  or  liquid  body  transmitting 
light  of  all  Tcfrangihilifics  through  an  atmosphere  which  intercepts  by  ab- 
sorpiion  a  certain  immln  r  ut'  them — such  as  our  sun  a})peais  to  be — we 
must  probably  icqiiid  ihcsc  objects,  or  at  kast  their  plioto-surfaees,  as 
enormous  masses  of  luminous  gas  or  vapour.  For  it  is  alone  from  matter 
in  a  gaseous  state  that  light  consisting  of  certain  definite  refrangibilities 
only,  as  is  the  case  with  the  light  of  these  nebulee,  is  known  to  be  emitted.** 

During  the  last  two  years  Mr.  Huggins  has  ^andned  the  spectra  of  more 
than  sixty  nebuUe  and  dusters.  This  examination  shows  that  these  re- 
markable bodies  may  be  divided  into  two  great  groups :  vis.  1st,  irue  or 
ijaseam  nebuls,  which  furnish  a  discontinuous  spectrum,  consisting  of  two 
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or  thfce  bright  lines  only ;  and  2nd»  what  we  may  dudDguiih  as  ijwirjbut 
nMlm,ot  nebulous  matter  withclosten*  which  give  a  spectrum  apparently 
continuous.  Of  the  latter  group  n  large  proportion  iiiow  aigna  of  reaol- 
lability  into  dnsteia  by  telescopes  of  high  power. 

In  iJie  present  year  also  Mr,  Huggini  has  made  a  remarkable  obscrrn- 
tion  upon  the  small  comet,  known  as  comet  No.  1, 1866.  Ue  ascertained 
that  the.  minute  nucleus  gare  a  gaseous  or  discontintious  spectrum ;  whilst 
the  spectrum  of  the  coma,  as  though  formed  by  suapended  partielea  wbioli 
reflected  solar  liglit,  gave  a  continuous  spectrum. 

Since  the  publication  of  tlicsc  results  by  Mr.  llucrr'in's,  our  inveFli?rator3 
bare  examined  with  great  care  the  spectrum  of  tbe  star  wbicb  is  citlier  new 
or  lias  greatly  increased  in  brilliancy  in  Corona  borealis,  and  have  iV^und 
that  that  star  has  a  spectrum  of  absorption,  and  also  a  gaseous  spectrum 
of  which  hydrogen  is  probably  the  source.  They  have  also  connected,  in 
one  instance  at  least,  the  change  in  a  variable  star  with  a  Tariation  in  its 
S])orf  rum. 

Discoveries  like  these,  which  acquaint  us  not  only  with  the  constituents 
of  the  heavenly  bodies  but  also  with  their  state  of  aggregation,  arc  of  the 
nature  of  those  which  occur  only  once  in  the  course  of  centuries, — like 
the  discovery  of  the  satellites  of  planets,  of  solar  spots,  or  of  double  slar^, 
— and  have  the  strongest  possible  claim  on  the  Boyal  Society  for  audi 
honours  as  the  Society  has  at  its  dbposal. 

Mr.  Hugoins, 

It  gives  me  the  greatest  pleasure  to  present  yon  with  this  Medal :  a 
testimonial  of  the  Tery  high  estimation  in  which  your  successful  labonn 
(conjointly  with  Dr.  Miller)  are  held  by  the  Society^  which  has  the  satu* 
Action  of  regarding  you  as  one  of  its  most  distinguished  Members.  You 
are  at  an  age  at  which  you  may  reasonably  undulge  in  the  prospect  of 
having  a  long  career  before  you ;  yet,  however  long,  it  will  scarcely  eihanit 
the  noble  field  of  lesearch  which  you  hare  opened  for  yourself,  and  which 
b  one  in  which  you  are  quite  sure  to  be  accompanied  by  the  sympathy  of 
men  of  sdenoe  throughout  the  world. 

A  Boyal  Medal  has  been  awarded  to  Mr.  William  Kitchen  Parker  for 
his  researches  in  Comparative  Ostecdogyi  and  more  especially  on  the  Ana- 
tomy of  the  Skiill,  as  contained  in  papers  published  in  the  Transactions  of 

the  Zoological  Society  and  the  Philosophical  Transactions. 
Mr.  Parker  has  for  several  years  past  made  investigations  of  great  extent 

and  distinguished  merit  among  the  Foraminiferat  the  results  of  which  are 
embodied  in  Memoirs  published  by  him  from  1859  to  1865,  in  conjunc- 
tion wit!i  Professor  Rupert  Jones  nnd  with  Dr.  Carpenter  in  the  Annals 
of  Natural  History,  the  publications  of  the  iiay  Society,  and  the  Philo- 
sophical Transactions. 

The  award  of  a  lioyai  Medal  to  Mr.  Parker  has  bceu  based*  however. 
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* 

not  10  iDiicb  on  liis  worit  in  thii  deptrCment  of  tooU^  m  on  hin  Uboun 
in  a  Toy  diifeient  and  mnch  moie  diffieult  bxindi  of  anatomy,  Yertebnto 
Ofteology* 

In  1860  Mr.  Parker  pnblialiea  a  memoir  "  On  the  Osteology  of  Jfafimt- 
ceps  Rex,**  and  in  1868  another   On  the  Osteology  of  the  GaUinaceons 

Birds  and  Tinamous/'  in  the  Transaetions  of  the  Zoological  Society; 
while  a  third  still  more  important  memoir,  on  the  "  Skull  of  the  Ostrich 
Tribe/'  was  read  before  the  the  Royal  Society  in  March  1865,  and  ia  now 
published  in  the  Philosophical  Transactions.  In  these  elaborate  and 
beautifully  illustrated  memoirs,  Mr.  Parker  has  not  only  displayed  aa  ex- 
traordinary acquaintance  with  the  details  of  Osteology,  but  has  shown 
powers  of  anatomical  investigation  of  a  high  order,  and  has  made  important 
contributions  towards  the  establishment  of  the  true  theory  of  the  Tcrtebrate 
skuU. 

Mr.  "Wir  rjAM  Kitchen  Parker, 
I  present  you  with  tliis  IVrediil  in  testimony  of  the  high  esteem  in  which 
your  investigations  are  held  by  those  of  our  body  wlio  are  quail  tied  to 
appreciate  them,  and  who  look  at  0)ice  with  npproval  and  with  eviu  t  tation 
at  the  increased  and  still  increasing  interest  oi  the  commuuicatious  contri- 
buted by  you  to  our  Transactions. 

The  Council  have  awarded  the  Rumford  Medal  to  M.  Annand  Hippo- 
lyte  LuuL<  Fi/e;iu  for  his  Optical  Researches,  and  especially  for  liis  Inves- 
tigations into  the  liiicct  ui  iitul  uu  the  Uefraclive  Puwer  ui'  Trau:>pareut 
Bodies. 

In  1849  M.  Fizeau  rose  into  celebrity  as  the  experimenter  who  first 
■nooeeded  in  measnring  the  velocity  of  light  by  observations  limited  to 
objects  on  the  surface  of  the  earth.  He  noted  the  time  required  for  the 
passage  of  light  from  the  place  of  the  observer  to  a  mirrors  normal  to  the 
path  of  the  light,  8633  metres  distant,  and  back  again,  by  means  of  a 
wheel  having  720  teeth  revolving  rapidly,  When  the  wheel  made  126 
revolutions  in  10  seconds,  the  light  that  had  passed  through  the  notch 
between  two  teeth  towards  the  mirror  was  stopped  completely  on  its  re- 
tam,  after  reflesdon,  by  the  second  of  the  two  teeth ;  showing  that  the  light 
had  travelled  17»266  metres  while  the  wheel  had  revolved  through  half  the 
niigle  subtended  at  its  centre  by  the  distance  between  the  summits  of  two 
adjacent  teeth,  or  titItt  iewnd. 

In  1859  he  wrote  a  remarkable  memoir,  *'8nr  une  cxpMence  qui  parait 
demontrer  que  le  mouvement  des  corps  change  la  Vitesse  avec  laquelie 
la  lumicre  se  propage  dans  leur  interieur." 

His  "Mdtiiode  propre  k  rechercher  si  I'asimuth  de  polarisation  du 
rayon  refract^  est  influence  par  le  mouvement  du  corps  rcfringent"  (I8G0) 
involves  such  complicated  arrangements  that  great  lusitulion  wns  felt 
about  accepting  the  results.  But  whoever  has  seen  his  experiment^  on  the 
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ezjNUUBoa  and  the  slteration  of  the  rcfrangibUity  of  1)0(1Ies  when  heatcdip 
Is  not  disposed  to  qneition  any  oondurions  regarded  bj  Fiiean  himaeif  as 
well  founded. 

In  1802  he  published  liecberchei  sur  let  modificatiooi  que  subit  la 
vitesse  de  la  lumi^re  dans  Ic  verrc  et  plusienrs  autre  corps  solidet  aoofl 
Vinflnence  de  la  chaleur," — ^the  first  of  a  aeries  of  memoirs  on  the  change  of 
dimensions  and  refracdre  powers  of  Tarions  kinds  of  glass^  and  manj  crys- 
tallized sub  !=  tan  res. 

On  the  23rd  of  May,  1864,  he  read  beiore  the  Tnstitut  **  Recherches 
sur  la  dilatation  et  la  double  refraction  dn  cristal  dc  rochc  ccbanfTr  ;**  and 
on  the  2l8t  and  '2^fh  of  "Slay,  IQiiQ,  "  M^moires  sur  la  dilatation  dea 
corps  solides  ])ar  la  chaleur/' 

In  (hi'r^e  observations  he  has  availed  lilmsclf  of  the  possibility  of  forming 
Kcwton's  rings  with  the  monochroinntic  soilium  licht  when  one  of  the  in- 
terfering: rays  is  52,205  waves  in  advanc:*  of  the  other,  a  fact  which,  con- 
jointly \vitli  M.  Foucault,  he  announced  in  1819.  Using  the  length  of  a 
wave  of  sodium  light  (()'0005SSS  millimetre)  as  the  standard  of  measure^ 
the  position  of  a  ring  being  observable  to  within  ol  ^^'c  distance  le- 
tweea  two  consecutive  rings,  the  variation  of  the  distance  between  two 
surfaces  producing  the  Newtuu's  rings  can  be  measured  to  within  ^^yrffT 
millimetre. 

A  plate  of  the  substance  to  be  experimented  on  (let  us  suppose  it  to  be 
flnor),  uflually  from  10  to  15  millimetres  thick,  bonnded  by  parallel  plane 
Borfaces,  rests  upon  the  platform  of  a  metal  tripod  (the  metd  was  sted  in 
the  earlier  obBmatioos,  platinum  with  of  iridium  in  the  later).  The 
feet  of  the  tripod  are  screws  of  equal  lengths  terminating  above  in  obtuse 
points.  On  these  points,  at  a  distance  of  about  ^„  millimetre  aboTe  the 
upper  surface  of  the  fluor,  rests  a  plate  of  glass*  By  counting  the  number 
of  rings  or  bsnds  that  pass  over  a  mark  on  the  upper  surface  of  the  lluor 
during  a  given  chsnge  of  temperature,  the  corresponding  variation  of  dis* 
tance  between  the  lower  suriice  of  the  glass  and  the  upper  surface  of  the 
iluor  is  given,  and  the  expansion  of  the  metal  being  known  hy  a  similar 
process,  the  expansion  of  the  floor  is  found. 

The  Newton's  rings  formed  between  the  two  surfaces  of  the  fluor  depend 
upon  its  thickness  and  its  refractive  power.  The  number  of  rings  that 
pass  over  the  mark  on  the  fluor  during  a  given  change  of  temperature  bcmg 
observed,  and  its  expansion  having  been  found  by  the  preceding  observa* 
tion,  the  change  of  its  refractive  'power  due  to  the  change  of  temperature 
becomes  known. 

In  this  way  M.  Fizeau  obtained  several  very  unexpected  results.  Of 

these  a  few  may  be  noticed. 

The  indices  of  refraction  of  most  substances  were  found  either  to  increase 
or  to  remain  unaltered  with  an  increase  of  temperature,  but  in  fluor  the 
\uf]vx  of  refraction  diminishes  with  nn  increase  of  temperature.  T>:r^'non(l, 
cuprite,  and  beryl  have  a  maumum  density,  like  water — diamond  at 
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C,  cnprite  at  — 4''*3,  and  lietyl  at  --4<^2.  Beiy],  when  heated, 
unlike  calcite,  contracts  in  the  direction  of  ita  azifl»  and  expands  In  a 
direction  making  Tight  angles  with  the  axis.   Quartz^  mtile,  cassiterite, 

'  s})artalltc,  corundum,  nnd  hematite  were  found  to  expand  in  every  direc* 
tion  when  heated ;  but  in  each  case  the  expansion  in  the  direction  of  the 
-principal  axis  was  different  from  the  expansion  in  a  direction  at  right  angles 
to  the  principal  axis. 

M.  Fizean  is  also  the  author  of  many  other  important  feaearches— oil 
Moser's  images,  on  photography,  on  the  automatic  engraving  of  photogra- 
phic images  on  copper,  on  the  interference  of  rays  of  heat,  on  electricity 
and  the  velocity  of  its  propagation,  and  on  the  position  of  the  plane  of  po- 
larization of  li^Ut  reflected  from  striated  metallic  snrtaces* 

Professor  Miller, 
I  have  to  request  you  to  transmit  this  Medal  to  Monsieur  Fizeau,  in 
teStimOQj  of  our  interest  in  his  researches  and  our  hij^h  respect  for  his 
meriti^  which  yon  have  yourself  been  especially  instrumental  iu  placuig  in 
a  dear  light  before  the  Council* 

On  the  motion  of  Vice-chancellor  Sir  Page  Wood,  seconded  by  Mr* 
Hogg,  it  was  resolved, — "That  the  thanks  of  the  Society  be  returned  Co 
the  President  for  his  Address^  and  that  he  be  requested  to  allow  it  to  bo 
printed.'* 

The  Statutes  relating  to  the  election  of  Council  and  Officers  havlnp;  been 
read,  and  Mr.  Balfour  Stewart  and  Mr.  C.  V.  Walker  ha\4ng  been,  with 
the  consent  of  the  Society,  nominated  Scrutator.^,  tlic  votes  of  the  Fellows 
present  were  collected  ;  and  the  following  were  declared  duly  elected  as 
Council  aad  OiHcers  for  the  ensuing  year  : — 

President. — Lieut  .-General  Edward  Sabine,  R.A.,  D.C.L.,  LL.D. 
Treasurer. — "Williaia  Allen  Miller,  M.D.,  LL.D. 

Seereimiei  -  Sliarpcy,  M.D.,  LL.D. 

I  George  Gabriel  Stokes,  Esq,,  M.A.,  D.C.L.,  LL.D. 

Foreiffu  Secretary, — Professor  William  Hallows  Miller,  M.A.,  LL.D. 

Other  Members  <(ftke  Council. — Lionel  Smith  Bcale,  Esq.,  M.D. ;  Wil- 
liam Bowman,  Esq. ;  Commander  F.  J.  Owen  Evans,  R.N. ;  Edward  Frank- 
land,  Esq.,  Ph.D.;  John  Hall  Gladstone,  Esq.,  Ph.D.;  William  Robert 
GroTe,  Esq.,  M.  A.,  Q.C.  ;  William  lln2:^ins,  Esq. ;  Thonma  TTcnry  Huxley, 
Esq.,  LL.D.  ;  Wiilniii  Lassell,  Es(i. ;  i'rofessor  Andrew  (  ronibie  ilamsay, 
LL.D.;  Colonel  William  James  Sniythe,  R.A. ;  William  Spottiswoode,  Esq., 
MA. ;  Thomas  Thomson,  M.D. ;  William  Tite,  Es^q. ;  Vice-Chancelior  Sir 
W.  P.  Wood,  D.C.L. ;  The  Lord  Wrottesley,  INL A.,  D.C.L. 

The  thanks  of  the  Sodety  were  voted  to  the  Scrutators* 
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The  following  Table  shows  the  progKis  and  pfftMnt  ttate  of  the  Society 
with  respect  to  the  number  of  Fellows 
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Deember  6, 1866. 
Lieut.*6eQeral  SABINE,  President,  in  the  Chair. 

The  President  snnounced  that  he  hsd  appointed  the  following  Memhers 
of  the  Coundl  to  be  Vice-Presidents : — 

The  Treasurer, 
Mr.  Bowman, 
Mr.  Spottiswoode, 

Vice-chancellor  Sir  W.  Page  Wood. 
The  following  communicadonB  were  read: — 

I.    Diseussion  of  Tide-Observations  at  Bristol.''   By  T.  G.  Bitnt, 

Esq.  Communicated  by  the  Astronomer  Royal,  llcceivcd  October 
24,  1866. 

(Abstrsct.) 

This  Paper  contains  the  roswltM  of  a  Discussion  of  about  19,000  obscr- 
Tations  of  Times  and  Heights  of  Water  at  Bristol,  for  tlie  ])i!rpose  of 
obtaining  the  Empirical  Laws  of  the  Diurual  lue(|u;ilities  of  tlie  Times  and 
Height?,  and  of  the  Sokr  Inecjuality  of  the  Times,  of  the  tides  at  that  port. 
Curves  on  J}iaL:;r!inis  wliich  accompany  the  i^aper  exhibit  the  results. 

The  Obscrvatioas  were  taken  by  a  Self-registering  Tide-Gauge,  the 
Clock  of  which  has  from  the  first  been  regulated  by  transit  ubsci  vntion. 

The  Diurnal  Inequalities  of  the  tides  at  Bristol  are  not  large,  that  of 
time  averaging  only  2  minutes  (earlier  or  later)«  and  that  of  height  2^ 
inches  (greater  or  less). 

Although  it  was  stated  by  -Sii  John  W.Lubbock  (in  1831))  that  the  diurnal 
hiequaiity  in  tiini'  is  too  tiiiiiutc  to  be  observed  on  our  coasts,  the  slightest 
examination  of  the  Dia^qaiu  (Xtj.  I  )  will  be  sufficient  to  show  that 
this  remark  is  inapplicable  to  Bristol.  On  this  diagram  are  laid  down 
the  times  and  heights  of  tide  registered  there  during  six  months  of  the 
year  1865.  In  consequence  of  the  tranquil  state  of  the  weather^  the 
agreement  of  the  observed  with  the  predicted  times  was  unnsnslly  dose ; 
the  average  error  in  time^  during  the  six  months,  bemg  only  2|  mmntes^ 
and  for  she  weeks  less  than  1*9  minnte.  The  diurnal  inequality,  of  time 
as  weB  as  of  height,  is  throughout  the  diagram  most  conspicuous ;  and 
the  agreement  of  the  cslcukted  with  the  obserred  mequaltty  dose  and 
ntisfactory. 

For  each  of  the  Diurnal  Inequalities,  the  restdueib 

or  enrorSy  of  the  cal- 
culated Times  and  Heights  were  arranged  for  eveiy  hslf  month,  and  for 
each  of  the  twenty-four  hours  of  Lunar  transit,  making  (24  X  24=)  576 
Groups*  The  tferagcs  of  these,  hud  down  in  Gurres,  are  shown  in  IKsf 
grams  No.  I  and  2. 
Diagram  Mo  3  ihowa  the  Solar  Ine<inality  of  Time,  obiamcd  in  a  similar 
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manner,  together  with  curves  of  the  separate  effects  of  the  SoUr  Parallaz 
and  Solar  Declination. 

A  sheet  from  the  Tide-Gauge  Cylinder  has  also  been  sent,  as  a  specimen 
of  tlie  regularity  of  the  registered  Curves  in  tranquil  weather. 

IL  *'  On  the  Heating  of  a  Disk  by  rapid  Rotation  in  vacuo.**  By 
Balfour  Stewart^  M.A.^  F.H.S.,  and  P.  G.  Tait^  M.A.  (Con- 
ttnuation  of  a  Paper  read  before  the  Eoyal  Society  on  Jane  15^ 
1865^  and  published  in  the '  Proceedings.')  Received  October 
30, 1866. 

« 

If).  The  nppnratus  and  certain  preliminary  experiments  having  been 
described  in  tiie  ])rcvions  paper,  the  authors  now  proceed  to  relate  what 
further  experiments  have  been  made. 

In  the  preliminary  experiments  it  was  conclusively  shown  (art.  8)  that 
tlic  effect  on  the  pile  caused  by  rotation  of  the  disk  was  due  to  radiant 
heat,  and  also  (art.  9)  that  this  effect  was  not  due  to  the  heating  of  the 
rock'Salt,  which  in  most  of  the  experiments  wu  placed  before  the  month 
of  the  cone. 

It  was  also  rendered  probable  that  the  effect  was  not  doe  to  radiation 
from  heated  air,  by  the  two  following  considerations  : — 

(1)  Because  in  order  that  nearly  dry  air  of  such  a  tennity  might  giTO 
such  a  radiation  it  would  require  to  be  heated  enormously. 

(2)  Because  when  the  lampblack  was  removed  from  the  alnminium  disk, 
leaving  it  a  rough  metallio  surface,  the  indicatbn  afibrded  by  the  galvano* 
meter  was  redueed  to  about  one^lburth  of  the  amount  with  the  blackened 
disk. 

The  following  obsenrations  tend  to  stiengtben  this  proofs^ 

(3)  The  heating  effect  is  the  same  hi  hydrogen  or  in  coal-gas  as  in  air, 
although  there  is  no  question  that  the  absorptive^  and  therefore  the  radia- 
tive power  of  eoal-gas  is  mneh  greater  than  that  of  aur.  This  is  shown  bj 
the  following  sets  of  experiments,  which  were  made- with  the  bkckened 
alumininm  disk  insnlated  with  ebonite^  and  with  roek-salt  in  the  cone. 


No.  of  set. 

No.  of  observa- 
tion.-*  in  each 
set. 

Time  at  fall 
speed,  in  se- 
conds. 

d  S  i- 

^  an 

Heat  indioation. 

Nuturo 
of  gns. 

Tension 

s  „ 

DiW- 

Fahr. 

of  gBs,  in 
inched. 

S 

vn. 

S 

SO 

22 

22r>i 

•  •  • 

hydrogen 

0-6 

96 

vin. 

3 

30 

22 

23-3/ 

air 

07 

IX. 

2 

30 

20 

hydrngon 

05 

97 

X. 

o 

30 

20 

*  •  • 

0^S7 

air 

11 

XI. 

3 

30 

20 

0  -S-i 

hydrogen 

0-2j 

98o 

XIJ. 



3 

30 

20 

0^-86 

coal-gas 

0*25 

95 

(4)  It  may  be  objected  to  (2)  that  the  greater  heating  effect  from  a 
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blackened  alntnimum  disk  than  from  an  unlilackened  one  does  not  prova 
that  this  heating  effect  may  not  be  dne  to  air,  since  the  blackened  fiorfaoe 
may  be  imagined  to  lay  Mold  of  the  air  more  than  the  metallie  one.  But 
the  following  seta  of  experiments  prove  that  the  heating  effect  of  the  aln- 
minium  disk  with  both  sides  blackened  Is  the  same  as  when  only  one  side 
IS  hkokened. 


£ 

• 

o 
'A 

-§.i| 

Time  at  full 
speed,  in 
seconds. 

No.  of  turns 

of  handle 
at  full 
speed. 

Heat  in- 
dication, 
in  °  Fahr. 

Tension 
of  air. 

X 

2 

ao 

20 

11 

Disk  Uaduned  on  one  ride. 

XIIL 

3 

ao 

20 

0-8 

0-4 

Disk  blackened  on  U^tli  sidee. 

It  would  therefore  appear  to  be  proved  that  in  these  experiments  the 
heating  effect  is  due  to  the  increased  temperatore  of  the  disk. 

1 7.  Before  proceeding  further  it  may  be  advisable  to  detail  some  experi- 
ments made  with  an  ebonite  disk  inch  tiuck.  In  these  experiments 
care  was  taken  that  the  ebonite  should  have  the  same  temperature  throni^* 
out  its  thickness,  so  that  there  might  be  no  flow  of  heat  from  the  interior 
to  the  surface,  or  vice  vend.  The  experiments  were  made  with  loek-salt 
in  the  cone. 


No.  of  set. 

No.  of  obser- 
vations in 
each  set. 

Time  at  full 
spcetl,  in  se- 
conds. 

Heat  indica- 
tion, m  diri- 
sions. 

Nature  of 
gas- 

Tonsioii 
of  gas,  in 
inches. 

1        •  Qj 

XIV. 

8 

80 

20 

S2 

air 

I'l 

XV. 

1 

30 

20 

30 

fiir 

0-26 

XYT. 

1 

30 

20 

31 

air 

M 

XVII. 

2 

30 

20 

28-5 

air 

0-26 

xvni. 

2 

'M 

L'O 

^•5 

air 

0-25 

XJJL 

3 

30 

20 

29 

hydrogen 

00  1 

From  these  experimeuts  it  inay  be  tukon  for  i^rantcd  that  the  hvat  indi- 
cation given  by  an  ebonite  disk  is,  like  that  fioai  an  aluiiiiiiium  clisk,  inde- 
pendent both  of  the  density  and  chemical  constitution  of  the  residual  gas. 
It  is  also  highly  probable  that  the  unknown  cause  of  the  heating  effect  is 
the  same  for  both  diska. 

18.  To  return  now  to  Llie  aluminiuui  disk,  it  may  be  shown  that  the 
heating  of  this  disk  is  not  caused  by  revolution  under  the  earth*s  mag- 
netic force  ;  for  (1)  the  foUowing  calculation,  kindly  fiinii.>h(:d  i)y  Professor 
Maxwell,  shows  that  the  heating  effect  due  to  Liiiji  cause  would,  for  the 
aluminium  disk  ^  of  an  inch  in  thickness,  amount,  under  the  circum- 
stances of  rotation,  only  to  ,vt^tu  of  a  degree  Fahr.,  whereas  the  observed 
effect  is  more  than  half  a  degree. 

An  ellipsoid,  seuiiaxes  a,  b,  e,  revolves  about  the  axis  c  with  velocity  «#, 

2b2 
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ill  a  uniform  magnetic  field.  To  find  its  electrical  state  at  a  given  in- 
stant. At  the  given  instant  let  the  axes  of  x,  y,  z  coincide  with  a,  6,  c; 
then  uaing  the  nototioo  in  the  paper  on  the  Electromagnetic  field 

P  Q  R  electromotive  force,  a /3  y  magnetic  intensity,  \l  electric  tension, 
/I  =  coefficient  of  magnetic  induction  =  I  for  everything  but  iroo,  ji,  r 
electric  currents,  p= resistance  of  cubic  unit  of  volume. 

The  condition  of  the  currents  being  confined  to  the  eUipsoid,  is 

Solving,  we  get 

Tliis  is  the  complete  solution.  The  heat  (measured  as  energy)  pro- 
duced in  unit  of  volume  in  unit  of  time  is  The  whole  heat 
produced  in  the  cilipsoid  in  unit  of  time  is 


47r  li* 


f   aV  ^  (^h'  1 


15  p 

If  c  is  small  compared  with  a,  it  becomes 

If  the  axis  is  horizontal, 

a^+ZJ'^H'sin'fl+VS 

where  Hshorizontal  magnetic  force,  and  y=Tertica]  mignetie  force,  and 

0s angle  between  the  axis  of  rotation  and  the  magnetic  meridian,  a=nidiiu 

and  c  half  the  thickness,  w=  2tii,  where  n  deuotes  tiie  reroltttionB  per 

leoond;  fjs:  1 ;  p  is  the  resistance  of  unit  length  and  umC  leetion. 

Now,  the  resistance  of  I  metre  long  and  1  millimetre  diameter 

IT 

IT  32 

for  aluminium  in  metrical  units  by  Matthiessen,  or  p=  3"* 

p  is  the  same  for  metrical  and  for  British  measore. 
At  Kew  horiiontal  foroes53*8]»  dip  68^10 ;  0»9O^  in  the  eipeiinMaCa 
a'+/3*B  104*8  British  measure. 

The  revolving  body  is  not  an  ellipsoid  but  a  qrlindert  equally  thick 

15 

throughout ;  to  correct  for  this  we  shall  put        for  c'. 

We  get  for  the  energy  converted  into  heat  by  electrical  action  per 
second  12*91  in  grain-foot-second  measnie. 

«  FhtLTrMM.  10661,  ^  460. 
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Now  7725r=onergy  required  to  raise  1  grain  of  water  1°  Fakr. 
The  disk  s-^^^x  *22  grain  of  water,     energy  oomipoDcliDg  to  1® 

32'2 

=;;2x-jgX  16400, 

12*91  12*91 
or  rise  of  temperature  per  second=^^^^^^  15400'^ 23716000 

or  about  ^J^^q  degree  in  30  seconds* 

This  is  when  tbe  lieat  le  lutifbnDly  distributed  through  the  thickness  of 
the  dUk»  which  it  wiU  he  m  less  than  thtrtj  seconds.  If  there  were  no 
conductbn,  the  rise  of  temperatoio  nt  the  snrfsce  would  be  Rbout  twice  the 
Talne  found  nbove. 

(2)  It  would  appear  from  the  abore  fonnnla  that  the  heating  effect  doe 
to  this  cause  should  increase  with  the  thickness  of  the  disk.  The  foUow- 
ing  experiments  show  that,  on  the  contrary^  the  heating  cflMi  as  regards 
temperature,  diminishes  as  the  thickness  of  the  disk  increases* 


« 

i 

|«.S 

1 

Time  at  fullj 
speed. 

No.  of  turns 
of  Imndle  ' 
at  full  \ 
speed,  j 

Hoat  indi- 
cation, in 
Fahr.  1 

Tension  of  i 
air,  in 
inches. 

xin. 

3 

30 

20 

08 

0-4 

Aluminium  diak  ^  inch  thick. 

3 

ao 

21 

1-7 

04 

Aluminium  diik  ^  indi  thid^ 

(3)  The  heat  indication  afforded  hy  an  ebonite  disk  is  ngaiiist  the  con- 
clasiou  that  this  effect  is  due  to  rotation  under  the  earth's  magnetic  force. 

It  would  therefore  aj>pcar  to  be  |)roved  that  in  these  experiments  the 
increased  temperature  of  the  aluminium  disk  is  not  due  to  rotation  under 
the  earth's  magnetic  force. 

19.  It  might  perhaps  be  said  that  tbe  heating  of  the  disk  may  be  due 
to  heat  conducted  from  the  bearings  into  the  disk  and  then  distributed 
outwards  ;  and  this  conjecture  will  reqnire  to  be  examined,  since  the  bear- 
ings are,  no  doubt,  heated  by  friction  during  the  motion.  This  heating 
effect  on  the  bearings  was  measured  by  means  of  a  yery  delicate  tliernio- 
nieter,  which  was  inserted  into  a  small  hole  in  the  bush  through  which  oil 
is  supplied  to  the  spindle,  and  made  to  be  in  metallic  contact  with  the 
sides  of  LLii  hole  ;  the  mean  of  three  observations  made  the  heating  efifect 
at  the  spindle  due  to  rotation  to  be  4°  Fahr. 

In  the  next  place,  the  aUiminlum  disk,  separated  from  its  metallic 
spindle  by  the  ebonite  washer,  and  in  every  respect  the  same  as  wheu 
made  to  rotate,  had  its  spindle  heated  artifjclally  by  a  mercury  bath,  gene- 
rally at  least  40''Falir.  above  the  previous  temperature.  AlUr  the  lapse  cf 
two  iniiiutt's  the  effect  upon  the  pile  was  hardly  perceptible — not  more 
than  five  divisions. 

1)  It  would  appear  from  this  experiment  that  the  heating  effect  ob- 
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served  in  rotation  cannot  be  due  to  beat  conducted  from  the  bearings 
throngli  the  ebonite  washer,  since  a  temperature  tlifference  between  tlie 
bearings  and  the  disk  ten  times  greater  than  that  produced  by  rotation 
causes  a  beating  effect  at  least  six  times  less  than  that  caused  by  rotation 
in  a  somewhat  less  time. 

(2)  The  ebonite  waslier  used  to  prevent  the  heat  of  the  bearings  from 
reaching  the  aluminium  disk,  is  a  cylindrical  disk,  its  thickness  being  tvro- 
tenths  of  an  inch,  and  the  area  of  one  of  its  faces  3"1.j  stjuare  inches.  It 
is  shielded  behind  by  a  brass  disk,  of  similar  size,  which  brass  disk  being 
near  the  bearings,  and  metallically  connected  with  them,  we  may  suppose 
to  have  the  same  temperature  as  the  bearings.  Thus  one  face  of  the 
ebonite  washer  is  in  contact  with  brass,  having  the  temperatare  of  the 
bearings,  while  the  other  Is  in  contact  with  the  aliiminium  disk.  Sup- 
posing that  this  washer,  used  to  protect  the  aluminium  disk  from  the  heat 
of  the  bearings,  was  of  iron  instead  of  being  of  ebonite,  we  can  calculate 
approximately  from  Principal  Forbes*s  determinations  of  the  absolute 
conductivity  of  this  metal,  how  much  heat  would  be  conducted  across  tlie 
washer  during  the  exponent.  Accordbg  to  these  obserratunuH  if  a  cube 
of  iron  whose  side  is  one  foot,  hsTe  one  of  its  faces  kept  permanently  at 
n  temperature  1^  C.  higher  than  the  opposite  face,  tbe  quantity  <^  heat 
conducted  across  in  one  minute  ?rill  be  *0U  unit  nearly,  a  unit  denotiiKg 
the  amount  of  heat  required  to  raise  a  cubic  foot  of  water  1^  C.  Since 
in  these  observations  both  the  temperature  difference  and  the  unit  are 
expressed  in  the  same  thermometric  degrees,  we  may,  if  we  choose,  sub- 
stitute d^rees  Fahr.  for  degrees  Centigrade  in  the  aboTO  expression  for 
conductivity.  Now,  if  we  assume  as  an  approximation  that  during  the 
whole  experiment  of  rotation  the  heat  conducted  across  such  a  washer 
is  the  same  as  if  for  one  minute  the  temperature  difieience  between  both 
rides  of  the  washer  were  kept  at  2^  Fahr.,  and  if  we  make  allowance  for 
the  surface  and  for  the  thickness  of  the  washer,  we  obtain  the  following 
expresrion  as  approximately  representing  the  heat  conducted  across  the 
washer  during  Ihe  experiment, 

Heat=  011x  2x^  X^=-028  unit  nearly, 

144     '2  ^ 

where  the  first  factor  is  on  account  of  the  duublc  tempt laUue  dilicieucc, 
the  second  on  account  of  the  5urfuce,  aud  the  third  uu  account  of  the 
thickness. 

But  a  unit  of  heat  iu  the  above  expression  denotes  the  amount  necessary 
to  raise  a  cubic  foot  of  water  (or  nearly  1000  ounces)  1°  Fahr.  Now  the 
weight  of  the  disk  is  10*5  ounces,  and  its  specific  heat  is  0*22.  Ileuce  the 
above  amount  of  heat  will  raise  the  disk 

#  a 

•028  X       X  ~=i^  Fahr.  in  temperature. 

Hence  we  see  that  if  the  material  of  the  washer  had  been  of  the  metal 
bismuth,  of  which  the  condujctivity  is  7  times  less  than  that  of  iron,  and  if 
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we  suppose  the  drcumstances  of  the  experiment  to  be  equivalent  to  a  tem- 
peratore  difference  of  2^  Fahr.  between  the  two  sides  of  the  washer  lagtmg 
for  one  imnute,  then  the  quantity  of  heat  conducted  across  the  washer  wiU 
be  a  little  greater  than  that  observed.  But  the  conductivity  of  ebonite  il 
no  doubt  Tery  much  less  than  that  of  bismuth,  and  therefore  on  this 
account  we  cannot  suppose  that  the  heating  effect  obsenred  is  due  to 
conduction. 

(3)  In  this  investigation  no  account  has  been  taken  of  the  unequal  dis* 
tribution  of  temperature  from  the  centre  to  the  circumference  of  the  disk, 
the  tendency  of  which  would  be  to  diminish  the  effect  upon  the  pile  (which 
was  directed  to  the  circumference  of  the  disk)  of  the  heat  paasbg  through 
the  washer ;  and  indeed,  when  this  element  is  taken  into  account,  it  is  not 
surprising  to  find,  as  was  actually  the  case,  that  in  some  preliminary  ex- 
periments, where  the  disk  was  metallically  connected  with  the  spindle,  the 
effect  was  not  greater  than  with  the  ebonite  washer. 

(4)  The  short  time  in  which  the  effect  attains  its  maximum  value  is 
against  the  supposition  that  it  is  caused  by  conduction  from  the  bearings. 

(5)  The  fact  that  (ns  wc  shall  aflerwards  see)  the  temperatuie  dfect  in 
three  aluminium  disks  of  different  thicknesses  is  inyerselj  proportional  to 
the  thickness,  is  also  against  this  supposition. 

(6)  And  so  is  the  fact  that  a  heat-effect  obeying  apparently  the 
same  laws,  holds  for  an  ebonite  disk  in  which  there  is  but  a  Teiy  feeble 
conduction. 

On  the  whole,  therefore,  we  cannot  suppose  this  effect  to  be  due  to 
conduction,  or  at  least  we  must  conclude  that  the  effect  of  conduction  con- 
atitutes  only  an  exceedingly  small  fraction  of  that  observed. 

20.  Itwas  suggested  to  the  authors  by  Professor  Stokes  and  by  Mr.  Grove, 
that  the  effect  might  be  due  to  vibrations  of  the  disk,  the  energy  of  which, 
owing  to  the  viscosity  of  the  disk  for  such  vibrations,  might  ultimately 
become  converted  into  heat  j  and  it  is  necessary  to  examine  this  question. 

(1)  Tlie  thickest  aluminium  disk  was  found  to  be  out  of  truth  not  more 
than  '015  inch  on  each  side.  Hence,  the  thickness  of  this  disk  being  *()5 
inch,  when  turned  with  moderate  rapidity,  its  apparent  thickness  should  be 

•015+'05+-016«08; 

and  cxperiiii.  lit  '^liowed  that  when  turned  very  fast,  its  apjiarent  thickness 
was  no  greater.  'I'ln,'  greatest  possible  ranire  of  vil)rations  of  the  disk  at 
its  circumference  eould  not,  therefore,  be  more  than  *015  inch  ou  either 
aide  of  the  position  of  rest. 

Again,  it  was  asecrtained  by  means  of  the  note  given  by  this  diiik,  that 
it  vibrates  about  'i.V)  times  per  second. 

Let  us  sup})ose  tike  whole  nine's  to  have  the  same  range  of  excursion 
(this  will  of  course  increase  the  result),  the  equation  of  vibration  (not 
allowing  for  loss  by  viscosity)  is 

jrMs*Oldco0}t( 
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and  also  time  of  Tibratioji 

*  n  260' 

Hence 

nasSOOx  314 -1570,  say, 

iTy  fn-  fo. 

^-=—  01 J X  1570fim»i^, .'.  greatest  velocity  =i23'^b, 

or  say  2  feet  per  seoond. 
Hence  the  eneigj  of  this  motion  in  foot  pounds 

ssweight  of  disk  in  pounds  x  ^ 

=weight  of  dbk  in  pounds  through  of  a  Ibot. 
But  an  approximate  experiment  performed  bj  causing  the  disk  to  rin^s 
auil  noticing  how  long  the  sonnd  lastedt  would  seem  to  show  that  probably 
thc  eucr^^y  of  vibration  of  the  disk  diminishes  at  first,  and  therefore  con- 
Btantly  (if  it  is  inaintamed)  at  the  rate  of  the  whole  in  3  seconds.  Hence 
111  ;>u  bicuuds  it  loses  10  times  as  much  as  the  whole ;  that  b  to  say,  in  30 
seconds  the  heat  produced  cannot  he  greater  than  that  due  (o  the  energy 
produced  by  the  disk  falling  under  gravity  through  ||  of  a  foot.  Se- 
ducing this  to  its  heat-equivalent,  the  greatest  possible  heat  effect  due  to 
vibration  during  30  seconds  rapid  turning  will  be  less  than 

10^    1         1  _  1  op-u. 

lb""  772 ''^""272 

which  is  a  my  small  fraction  of  the  effect  observed. 

(2)  The  thin  alomininm  disk  was  oat  of  truth  about  *02  inch  on  each 
idde.  Its  note  of  vibration  was  as  nearly  as  possible  one  octave  lower 
than  that  of  the  thick  disk,  while  its  coefficient  of  viscosity  was  some- 
what greater,  say  in  the  proportion  of  3  to  2,  than  that  of  the  thick 
disk.  On  the  supposition  that  the  heat  generated  is  due  to  vibration,  if 
we  call  the  heat  generated  doring  30  seconds  in  the  thick  disk  ml,  then 
that  generated  daring  the  same  time  in  the  thin  disk  ought  to  be 

where  the  first  iactor  is  on  account  of  diffeienee  of  time  of  vibtatioa,  the 
iCGoiid  on  aoeonnt  of  dtffereooe  of  range,  the  third  on  account  of  difierenoe 
of  mass,  and  the  fourth  on  account  of  difference  of  viscosity. 

But  the  heatug  effect  (as  far  as  quantity  of  heat  is  eonoemed)  produced 
in  the  thin  dbk  b  as  nearly  as  possible  the  same  as  that  produced  in  the 
thick  dbk. 

Thb  Isct  is  therefore  agunst  the  hypothesb  that  the  heating  effect  b 
due  to  vibration. 

(3)  In  order  to  estimate  the  effect  (if  any)  of  want  of  truth  m  the  disk, 
the  thick  alaminhim  disk  was  purposely  pnt  out  of  truth  about  times 
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its  usual  amount  ;  l)ut  the  heating  effect  was  as  nearly  as  poflttble  tUe 
flame  in  both  cases,  being  32  dinsions  of  the  scale  in  both. 

On  all  these  grounds  it  would  appear  tbafc  the  heating  effect  cannot  be 
due  to  vibration  of  the  disk. 

21.  It  is  hardly  necessary  to  mention  that  the  heating  effect  cannot  be 
due  to  radiation  and  conTectbn  from  the  wheelwork,  which  is  no  doubt 
aUghtlj  heated  during  the  experiment,  for  the  mass  of  this  metallic  matter 
la  so  great,  that  we  cannot  imagine  it  to  be  heated  more  than  1^  Fahr. 
Now  the  radiation  from  this  against  the  back  of  the  disk  may  certainlj  be 
neglected,  while  the  convection  must  be  very  small,  since  in  the  experi- 
ments the  pressure  of  the  air  was  very  small.  Besides,  the  heating  effect^ 
as  will  be  seen  shortly,  was  found  to  be  independent  of  the  pressure. 

22.  It  has  thus  been  shown  that  the  disk  is  heated  during  the  ezperi- 
ment,  and  that  this  heating  effect — 

(1)  Is  not  due  to  rotation  under  the  earth's  magnetic  force ; 

(2)  Is  not  due  to  conduction  of  heat  from  the  bearings ; 

(3)  Nor  to  radiation  or  convection  from  the  wheelwork ; 
(a)  Nor  to  ribrations  of  the  disk. 

And  in  view  of  the  lafge  and  constant  nature  of  this  heatuig  efSeet  it  may 
be  asserted  that  it  cannot  be  sensibly  due,  either  to  one  of  these  causes 
Biogly>  or  to  their  combined  effect. 

23.  It  will  now  be  shown  that  the  heating  efiSeet  is  independent  both 
of  the  density  and  diemical  constitution  of  the  residual  air  and  vapour 
around  the  disk. 

In  art.  16,  if  we  compare  together  the  7th,  8th,  9th,  lOtk,  lltb,  and 
12th  sets  of  experiments^  we  shall  see  that  the  heating  effect  was  sensibly 
the  same,  whether  the  residual  gas  was  atmospheric  air,  or  hydrogen  or 
coal-gas. 

As  hydrogen  diffuses  very  quickly,  it  might  perhaps  be  supposed  that 
when  heated  by  rotation  it  might  find  access  to  the  pile  through  the  lock- 
sall  cove  r  more  easily  than  heated  atmospljcric  air,  so  that  while  the  wluile 
effect  might  apptar  the  baiiu'  In  liyi]ro2:cn  as  in  air,  yet  oiil}-  jjait  of  lljat 
in  hydrogen  micht  be  due  to  radiant  heat,  tlie  remainder  being  due  to 
heated  gas  which  had  ohtjiined  access  to  the  pile.  This  was,  however,  dis- 
proved by  an  experiment,  which  showed  that  by  blackening  the  interior 
of  the  cone,  the  effect  upon  the  pile  was  just  as  much  diminished  in  a 
hydrogen  vacuum  as  in  an  air  vacuum  j  and  hence  in  both  cases  the  whole 
effect  IS  due  to  radiant  heat. 

But,  besides  (he  rcMdual  it  may  with  truth  be  supposed  that  (here 
is  always  rnore  or  less  of  anucous  vapour,  and  also  a  little  of  the  vapour  of 
oil,  and  perlm])S  of  tlu' vapour  of  mercury  in  the  reeeiver.  As  reirards  the 
hygrometric  state  of  tlie  residual  air  and  its  inlluence  on  the  dink,  this  would 
appear  to  be  of  the  following  nature  : — 

(1)  When  the  vacuum  has  jnst  hceu  made,  tii(Tc  is  generally  a  liygro- 
metric  difference  between  the  air  and  the  surface  of  the  disk,  ou  account  of 
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Tfhich  there  is  a  strictly  temporary  effect,  either  in  the  direction  of  heat  or 
cold,  at  the  surface  of  the  disk,  owing  probably  to  condensation  or  cnpora- 
tion  of  small  quantitiet  of  aqueous  vapour ;  but  this  effect  difiappeara  the 
moment  the  motion  is  stopped^  leaving  behind  the  permanent  effect  ap> 
parentlv  unaltered* 

(2)  This  temporary  effect  dlsappeara  when  the  disk  has  been  left  for 
some  hours  in  the  vaeuum. 

Next,  with  regard  to  vaponr  of  oil,  we  cannot  suppoae  ita  effect  to  be  ao 
large  or  so  difibrent  in  character  and  constant  from  that  of  aqueous  vapour 
as  to  account  for  the  effect  observed*  Add  to  this  that  the  cfiiect  teken 
place  with  an  nnooated  metallic  disk  probablj  to  the  same  extent  as  wiOi 
a  coated  one.  The  same  remark  may  be  made  with  regard  to  vapoor  of 
mercury.  The  effiect  would  therefore  appear  to  be  independent  of  the  che- 
mical nature  of  the  residual  gas  and  vapour  around  the  disk. 

In  order  to  prove  that  this  effect  is  also  independent  of  the  pressure  of 
the  reddnal  gas»  it  is  only  necessary  to  refer  to  the  whole  body  of  experi- 
ments which  have  been  described,  to  see  that  between  4  inches  and  0-25 
inch  there  is  no  perceptible  variation  in  the  effect  observed. 

24.  The  following  generalization  may  now  be  made : — 

(1)  If  a  perfectly  true  aluminium  disk  (without  vibmtbna)  be  made  to 
rotate  in  a  vertical  plane  at  the  earth's  surface,  after  the  manner  herein 
described,  there  will  be  an  increase  of  the  temperature  of  the  disk,  which 
is  not  due  to  communication  of  heat  from  the  bearings  or  machinery,  nor 
to  the  earth's  magnetic  force. 

(2)  This  hcfttiug  effect  is  independent  of  the  density  and  chemical  con- 
stitution of  the  residual  air  Mud  v  apour  which  sorrouiul  the  disk, 

(3)  It  is  probable  that  the  quantity  of  heat  developed  in  disks  of  siniihir 
extent  of  surt'ace  and  similar  circumstances  of  motion  is  the  same.  For, 

in  the  first  place,  the  quantity  of  hi  at  ileveloped  in  three  aluaiinium  disks,  • 
•05,  '0375,  '025  of  an  inch  in  thickness  respectively,  would  appear  to  be 
the  same,  the  relative  thermometric  effect  for  these  Ji-ks  \;irvin^  invcrsf  ly 
af?  their  thickness,  and  being  in  the  following  proportions,  iiU,  43,  6U,  as 
determined  by  one  complete  set  of  experiments. 

Again,  the  quantity  of  heat  developed  in  the  tl;ick  idnmininm  disk,  with 
its  surfaces  both  itncoatcd,  was  probably  the  same  as  wlieii  one  surface  wa» 
ooated  and  one  lett  bare,  or  as  wlien  both  surfaces  ^vere  rontcd. 

25.  The  authors  will  not  attem])t  here  a  fnrtiier  generalization,  but 
they  would  desire  to  mnke  one  remark.  In  absence  of  definite  know- 
ledge of  the  nature  of  that  medium  which  transmits  radiant  light  and 
heat,  it  might  be  supposed  possible  that  when  a  radiant  body  is  in  rapid 
motion,  the  intensity  of  its  radiation  is  somewhat  increased.  But  if  we 
bear  in  mind  that  in  these  experiments  the  effect  was  observed  after 
bringing  the  disk  to  rest,  and  that  the  temporary  effect  during  rotation 
sometimes  obserred  can  probably  be  otherwise  accounted  for,  we  are 
forced  to  conclude  that,  aa  far  as  we  may  judge  from  these  experiments 
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(and  they  arc  of  a  very  delicate  uature)»  there  ia  ho  perceptible  effect  of 
motion  upon  radiation. 

In  conclusion  the  authors  desire  to  say  that  they  are  much  indebted  to 
Hr.  Beckley,  who  not  only  in?entcd  the  apparatus,  but  Mlifted  at  all  the 
experiments,  and  without  whom  they  could  not  have  been  performed  in  a 
manner  so  satisfactory.  They  are  alio  indebted  to  Mr.  Atkinson  for  his 
kindness  in  lending  them  a  large  gasometer,  and  to  Mr.  Browning  and 
Ur.  Laddfoc  exceedingly  true  aiamininm  and  ebonite  disks. 


III.  On  the  Bones  of  Biida  at  diffeient  Ferioda  of  their  Growth.^' 
By  John  Davy^  M.D.^  F.R.S.^  te.  Received  October  23^ 
1866. 

In  this  paper  I  beg  to  submit  to  the  Koyal  Society  the  results  of  some  • 
further  obsenrations  on  the  bones  of  birdsj  and  more  especially  on  those 
bones  which  in  the  adult  contain  air. 

In  offering  them,  I  would  wish  them  to  be  considered  as  a  continuation 
of  those  communicated  on  a  former  occasion^  and  published  in  the  Pro- 
ceedings of  the  Society*. 

In  engsgmg  in  the  inquiry  I  have  had  two  objects  chiefly  in  view :  one 
to  endeavour  to  determine  whether  at  an  enrly  stsge  the  bonei^  whidi  at 
maturity  contun  air^  differ  esfientislly  fkom  those  of  birds  which  are  then, 
and  are  permanently  filled  with  marrow ;  another^  to  cndeaTonr  to  ascer- 
tam  in  the  instance  of  the  former^  the  rate  at  which  their  early  contents 
are  absorbed,  or  an  apprDzimati<ic  to  the  time  that  air  takes  the  pkoe  of 
the  medulhu 

The  birds  of  the  first  kind  subjected  to  observatioa  have  been  the  follow- 
ing :  the  common  fowl,  duck,  goose*  turkey,  pheasant,  partridge,  grouse, 
rook,  common  crow,  owl,  sparrow-hawk,  bustard,  blue  tit ;  of  the  second 
kind,  the  woodcock,  blackbird,  water-ousel,  marten,  swift,  greenfinch,  tit- 
lark, sparrow,  stoneefaat,  blackcap,  yeUow  ammcr,  little  sandpipe,  canary. 

I.  €f  the  Oomnum  Fcwl, — Of  tiiis  bird  I  have  examined  the  bones  at 
difierent  ages  in  a  large  number  of  instances.  A  few  are  selected  as  most 
characteristic : — 

1.  Of  a  foetal  chick  taken  from  the  egg  on  the  fourteenth  day  of  incu- 
bation, the  bones  of  the  extremities  were  much  advanced,  th(!  inlcrior  mure 
thaa  the  eriiji-.Tior.  Their  epiphyses  wcic  aluiust  gelatmuub  ;  bui  ihe  shafts 
were  pailially  ossified,  and  had  already  some  firmness.  Tu  buLh  the 
Imuieri  and  femora,  medullary  matter  vvaa  luiuid.  It  was  ot  a  red  colour, 
and  under  the  microscope  exhibited  the  usual  character  of  this  tissue, 
liroken  up,  in  each  were  seen  numerous  oil-globulcs,  with  whicli  were 
Tuixed  blood-corpuscles  and  other  corpuscle^s  of  a  smaller  size,  some  circuhu:, 
some  of  an  irregular  form. 

•  Yol.  sir.  aS7, 440. 475. 
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2.  A  chicken  twentj-eio-lit  days  old,  reckoning  from  the  time  of  hatchings 
was  found  dead  on  the  12tU  of  January ;  during  the  preceding  night  Clieie 
had  been  a  severe  frost.  It  weighed  10,275  gra. ;  one  of  itshnmeri  in  its 
moist  state  weighed  2*5  grtt  s  one  of  its  femora  8  grs.  In  each  of  them 
A  ioft  red  medullary  matter  was  detected,  which,  like  the  preceding  was 
composed  of  oil-globales,  blood-corpuscles,  and  smaller  colourless  corpuscle! 
or  cells.  The  contents  of  the  ulna  and  davicular  arch  were  simflart  but 
in  the  latter  the  quantify  of  medullary  matter  was  very  minute. 

3.  Of  a  pullet  three  months  old,  which  had  been  hatched  on  the  6th  of 
April,  and  weighed,  when  examined,  two  pounds,  the  humeri  thoffoughljr 
ossified,  sank  in  water.  From  one  of  them,  opened  under  water,  a  few  air- 
bubbles  only  escaped,  which  came  from  its  superior  extremity.  The  canal  of 
the  bone,  excepting  the  small  portbn  from  which  the  air  proceeded,  waa  fall 
of  red  marrow  of  the  usual  appearance  of  medullary  tissue,  and  with  similar 
'contents.  A  communication  was  found  to  exist  by  the  air-foramen  between 
the  cancellated  structure  towards  the  head  of  the  bone  and  the  lung, 
through  the  adjoining  air-sac. 

4.  Of  another  pullet  of  the  same  brood,  but  of  more  adTanced  growthf 
which,  though  three  days  younger  when  examined^  weighed  two  pounds 
and  three-quarters,  the  humeri  sank  in  water,  but  In  sinking  maintained  a 
pcrpendienlar  position.  One  of  them  laid  open  was  found  to  contain  in  its 
inferior  portion,  to  the  extent  of  *7  inch,  marrow ;  in  its  superior,  to  the 
extent  of  1*8  inch,  air. 

5.  Of  a  pullet  three  months  and  eleven  days  old,  which  had  been 
hatched  on  the  28ih  of  May,  the  humeri  floated  m  water.  In  one  of  them, 
laid  open,  a  small  portion  of  marrow  was  found  in  the  canoellatad  structure 
of  its  distal  extremity ;  and  in  this  portion  a  oonspicnous  bIood>ressd 
terminated, 

6.  Of  a  cock  five  months  old,  which  weighed  fire  pounds,  the  testes 
large,  and  abouiidiug  in  sperm-cells  and  spermatozoa,  the  humeri  contained 
onlv  air. 

II.  Of  the  Partridge. — Of  one  shot  on  the  I  s^t  of  Septcmher,  which 
weighed  }13f)  errs,,  tlie  Jiurneri  and  femora  sank  in  water;  in  sinking  the 
dihtal  exLreniiLy  uf  the  former  reached  the  boiLoin  first.  From  one  of  these, 
opened  under  water,  a  very  little  air  escaped.  The  lining  membrane  wns 
very  vascular,  and  the  lowe  r  one-fourth  of  the  canal  was  full  of  blood  of 
a  dark  colour,  contained  apparently  in  varicose  vessels.  Under  the  micro- 
scope, no  oil-globules  were  dislinguishaltle  in  the  blood,  only  blood-cor- 
puscles; nor  in  any  part  of  the  cavity  were  there  found  any  remains  of 
marrow. 

2.  Of  another,  shot  on  ihe  same  clay,  which  weighed  ^\2'2C)  grs.,  the 
humeri  swam  in  water,  the  femora  sank.  Air  only  wns  foniul  in  the 
former.  On  the  lining;  nu  nibraitc  there  were  two  or  three  Jdicate  vessels 
containing  florid  blood.    The  femora  were  full  of  a  redrli-^b  mnrrow. 

3.  Of  another,  shot  on  the  19th  of  October,  which  weighed  6432  grs.. 
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the  state  of  the  humeri  and  fLuiora  was  very  similar  to  that  of  the  pre- 
ceding. The  hnmeri  contained  only  air,  the  femora  only  marrow ;  the 
lining  membiaiie  uf  tlie  former  was  finely  vascular;  the  medullary  tissue 
of  the  latter  abounded  in  oU-globules  and  corpuscles  suggestive  of  blood« 
corpuscles  altered, 

in.  Of  the  VJieu^ant. — Of  a  female  shot  on  the  9th  of  October,  both 
the  humeri  aiul  I'einura  swnm  in  water.  lk)tli  cuutauied  air  without  niiy 
marrow.  Tlu-  former  were  jierfectlv  -wliitc,  and  no  vessels  were  visible  in 
their  lining  membrane  ;  the  latter  were  of  a  reddish  hue,  and  their  lining 
membrane  was  beautifully  vascular,  the  ressels  delicately  ramifying,  of  a 
bright  florid  hue,  and  anastomtudng,  and  this  throughout  the  whole  of 
the  circumference. 

2.  Of  another  female,  shot  on  the  17th  of  October,  the  humeri  con* 
tained  only  air,  the  femon  air  with  a  trace  of  marrow*.  The  latter  weie 
redder  than  the  former,  and  their  lining  membrane  was  very  vaacnlar. 

IV.  Of  the  Goose. — Of  one  hatched  in  the  sprbg,  which,  when  ex- 
amined on  the  26th  June,  weighed  eight  pounds,  the  humeri  sank  iu 
water.  They  were  full  of  marrow  of  a  light  bright-red  colour.  The 
quantity  collected  from  one  of  them  was  about  82  grs.  It  exhibited  the 
usual  character  of  medullary  cellular  stmcture,  and  was  rich  in  oil,  which 
in  drying  exuded  copiously  from  it ;  but  it  contained  eomparatively  few 
bloodocorpnadea  or  blood*yesBebt|  of  which  these  corpuscles  were  the 

2.  Of  another  hatched  on  the  22nd  of  April,  which  on  the  7th  of  August 
wdghed  nine  pounds  and  a  half,  a  humerus  dissected  out  weighed  561  grs., 
was  7*5  inches  in  length,  and  its  shaft  between  *4  and  :5  inch  in  width. 
It  sank  in  water.  Its  upper  third  portion  was  of  a  darker  hue  than  its 
inferior  two-thurds.  The  latter  was  full  of  a  light-red  marrow,  abounding 
in  oil.  It  owed  its  reddish  hue  to  blood-vessels  in  ihe  meduUarj  structure. 
The  former,  entirely  without  air,  contamed  a  collection  of  blood-TCssels 
resting  on  a  cancellated  stmcture.  These  Tcssels  had  the  appearance  of 
Ysins,  seemed  largely  Tarioose,  and  were  full  of  dark  bbod,  which  (ex- 
amined whilst  warm)  was  still  fluid.  Of  the  other  wmg,  the  humerus  was 
somewhat  diffbrent— the  differemse  was  in  the  superior  portion.  Although 
the  bone  sank  in  water,  a  little  air  was  fbund  in  this  portion,  and  the 
blood-Tcsselsin  it  were  less  distended,  and  contained,  inst^of  dark  blood, 
aerated  blood  of  a  florid  hue.  The  marrow,  which  occupied  about  two- 
thirds  of  the  shad,  terminated  abruptly  superiorly,  and  there  a  pretty  large 
blood-vessel  united  the  two  parti) — the  medullary  and  the  varicose 
portions. 

3.  Of  another  hatched  in  the  spring,  examined  on  the  ;)l8t  of  October, 
the  humeri  contained  only  air.  The  lining  membrane  ut  its  cavity  was 
rich  in  blood-vessels. 

*  Tt  was  detected  by  waahing  out  the  cavity  of  the  boUe  Wldl  a  WSak  solation  of  tilt. 
Oil-globukt  were  found  susp«xMi«d  in  the  lolution. 
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4.  Of  the  humeroB  of  ft  gooie  haichod  in  the  ipring,  weighing  on  the 
2nd  of  November  nine  pounds,  the  canal  was  found  full  of  air,  with  t  lie 
ezoeptton  of  its  inferior  one-third ;  this  contained  marrow  rich  in  oil.  In 
one  of  Berend  portions  of  it  a abmitted  to  the  microscope,  a  red  yessel  was 
seen  oontainbg  grannlea  and  oil-globnles.  In  one  direotion  it  ended 
abraptlj,  as  if  torn  i  in  the  other  it  was  loit,  ai  it  were,  hf  diflbsioii  iiito^  or 
blending  with  the  edla  of  the  medaUary  tiasne.  The  upper  portion  of  tlie 
marrow,  it  may  be  remarked,  where  it  came  in  oontact  with  the  air,  had* 
as  in  some  other  spedmeoa,  a  ronnded  well-defined  sorface*  In  tlus 
instance  no  large  blood^TeBsels  were  found  in  any  part  of  the  hone  s  and  on 
the  delicate  membrane  connecting  the  traheenlB  of  the  cancellated  atm^ 
ture,  only  a  Tcry  few  delicate  vessels  of  a  florid  hue  were  to  he  seen. 

5.  Of  a  fifth,  also  hatched  in  the  spring,  when  ezanuned  on  the  20th 
of  November,  the  humeri.  Bke  those  of  the  last  but  one^  were  found  to 
contain  only  air.  Thdr  lining  membrane  was  very  vascular  and  partially 
varicose. 

y.  O/the  Common  Jhteh — Of  a  young  drake  hatched  on  tiie  26th  of 
April,  which  when  weighed  on  the  13th  of  August  was  four  pounds,  the 

hiunei  i  sank  in  water.    They  containad  u  light  reddish  marrow,  and  were 

entirely  destitute  of  air. 

2.  Of  two  (Inck^  of  the  same  brood  as  the  drake,  the  liuineri,  exHinincd 
on  the  1  Jtli  of  Aiigi.fct,  mnk  in  water.  Two-t}iirds  of  each  were  filled  with 
marrow ;  one-third,  the  upper  portion,  with  dark  blood,  secmimrlr  in 
varicose  vessels,  which  were  connected  with  a  light-coloured  delicate  mcni* 
brane. 

3.  Of  a  duck,  little  more  then  one  year  old,  the  humeri  contained  only 
air. 

VI,  Of  fhfi  Rf(l  Grouse. — Of  one,  which  on  the  I  'Jfli  of  Augus( 
not  fully  tlr(li:(  (1  (it  was  shot  for  examination),  the  humeri  contained  air^ 
the  femora  niurrDw. 

2.  Of  anotlier  more  advanced,  shot  on  the  31  of  Aurrust,  weigliing  a 
pound  and  a  quarter,  the  humeri  contained  air,  the  femora  a  little  marrow, 
but  more  air,  the  former  infcriorly. 

3.  Of  a  third,  shot  on  the  28th  of  August,  which  weighed  8770  grs., 
the  humeri  were  hollow,  the  femora  partially  so,  a  little  reddish  marrow 
only  remaining,  and  this  in  their  inferior  extremity. 

4.  Of  one  shot  on  the  27th  of  August,  which  vreighed  II  ,856  grs.,  and 
which,  judging  from  its  plumage,  was  proba!)1y  a  spring  bird,  both  the 
femora  and  humeri  swam  in  water  and  were  free  from  any  trace  of  marrow. 
The  lining  mcmln  nnn  of  the  cavities  of  the  femora  was  hcautifidly  vascular, 
tlio  vf^gselaof  a  florid  hue  from  the  well-aerated  blood  which  they  contained. 
The  lining  membrane  of  the  humeri  was  similarly  vascular,  but  in  a  less 
strongly  marked  manner* 

VIL  Clf  the  Book, — Of  a  young  one  not  quite  capable  of  flight,  shot 
on  the  1 1th  of  May,  and  which  then  wnghed  6132  grs.,  the  humeri  sank 
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ill  water;  they  contained  no  uif,  but  ii  soft  marrow,  ot  a  blood-ieil  colour. 
The  bones  were  very  vascular,  and  were  cas-ily  cut. 

2.  Of  another,  sliot  on  the  22nd  of  June,  Vihcii  e:ij)al»ln  of  tli^^lit, 
though  the  quill-featliers  of  its  wings  were  only  partially  hollow,  iu  weight 
i)113  grs.,  the  liuineii  sank  in  water  iu  a  perpendicular  position.  Of  one 
which  was  examined,  its  inferior  two-thirds  were  found  full  of  n  roddisli 
marrow,  its  superior  one-third  of  air.  The  projiortioii  ot'  oil  seemed 
greatest  in  the  distal  part  of  the  marrow.    The  liones  were  less  vascula 

.  than  those  of  the  preceding,  and  of  greater  firmness. 

3.  Of  a  third,  shot  on  the  23rd  of  June,  then  wei^liini;  4962  grs., 
whirli,  judging  from  the  state  of  its  feathers,  its  hnr^n  ral)ri(  ii,  ovary,  and 
OTiduct,  had  been  hatched  in  the  spring,  the  humeri  were  full  of  air 
without  a  vestige  of  marrow  *. 

VIII.  Common  Crow. — Of  one  shot  on  tlie  1st  of  June,  then  weighing 
5402  grs.,  its  quill-feathers  not  fully  formed^  the  humeri  sank  in  water« 
and  contained  only  marrow. 

2.  Of  another  shot  on  the  2 1st  of  June,  weighing  6533  grs.,  capable  of 
flight,  the  humeri  contained  air.    The  lining  membrane  was  very  vascular. 

IX.  0/  the  Tawny  Owl. — Of  a  young  one^  examined  on  the  2l8t  of 
June,  then  weighing  4796  grs.,  its  quill-feathers  not  fully  formed,  the 
humeri  contained  a  very  red  mairow,  and  were  entirely  destitute  of  air. 

2.  Of  one  of  nncertain  but  mature  age,  judging  from  its  general  appear* 
ancc,  and  which  weighed  on  the  8th  of  April  5776  grs.,  the  humeri  were 
full  of  air.  There  was  also  air  in  the  scapular  arch,  and  partially  in  the 
furcula,  its  proximate  portion. 

X.  €^  the  Sj^arro¥hhawk,^Qt  a  jomig  one*  which  on  the  31st  of 
July  weighed  3686  grs.,  its  stenmn  then  only  partially  ossified,  atni 
flexible,  the  humeri  were  for  the  most  part  hollow ;  the  HtUe  marrow  they 
contained  was  confined  to  their  distd  portion.  The  same  remark  wee 
applicable  to  the  scapolar  arch.  The  femora  contained  CTen  less  marrow 
than  the  humeri ;  they  were  Teiy  nearly  foil  of  air* 

XI.  Of  ike  ButBard, — Of  a  yoni^  one  taken  from  its  nest  on  the 
10th  of  Jane,  when  supposed  to  he  about  a  fortnight  old,  then  weighing 
5293  grs.,  the  qiiilUfeathers  of  wings  only  sproutmg^  the  bimes  generally 
were  Tery  vascular ;  the  humeri  and  femora  sank  in  water*  Their  ossifi- 
cation was  much  advanced,  but  the  sternum  was  still  cartilagmoua*  After 
drying,  all  the  bones  floated  in  water.  The  humeri  and  lemora»  now  laid 
open,  were  found  to  contain  a  red  matter  lining  but  not  filling  the  cavities, 
suggestive  of  its  having  been,  in  its  moist  state,  a  fluid  or  a  semifluid.  In 
this,  its  dried  state,  it  was  of  a  firm  consistence.  After  soaking  in  water  and 
trituration,  it  formed  an  emulsion,  which,  as  seen  under  the  microscope,  was 
found  to  contain  oil-globules  and  particles  of  different  kinds*  Digested  and 

*  This  bird,  liki>  mo-l  rodk<,  was  infested  with  pnm«itt'-j,  hVf».  Tlicv  wore  ]4cTitiful 
even  in  tho  cavity  of  tlir*  w  ing  i^uill-fcatlien.  Aci'orJini;  ti>  Dr.  Gniy,  F.R.S.,  to  whom 
I  sent  one,  and  who  kindly  garo  me  ita  name,  it  id  a  JDocopiiorus  ^/>.  utratu*). 
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kcftted  ia  nlculiol^  it  was  partially  diMolved,  the  foliitkiii  becoming  turbid  on 
cooling.  Evaporated,  and  as  Been  under  tl)e  microscope,  the  reaidtie,  pro* 
portionally  small,  seemed  U>  conaisi  chiefly  of  fatty  and  oily  matter  (ateftrine 
and  olein  7),  with  some  needle  ciystak. 

XII.  0/  ike  Blue  2V/.— Of  a  young  one  taken  from  the  nest  on  the 
31st  of  May,  then  weighing  28*5  gra.,  qnite  naked,  except  a  few  ddioate 
fibre-like  feathers  on  the  head,  some  yolk  still  remaining  in  the  abdominal 
cavity,  the  humeri  were  veiy  small  and  pale,  so  small  that  no  attempt  was 
made  to  examine  them,  except  by  crushing.  Comminuted  with  a  few  - 
drops  of  solution  of  salt,  and  subjected  to  the  mkroscope,  there  wen  aeen 
mixed  with  the  fragments  of  cartilage,  blood-corpasdes  and  oil-like  g^obnlea. 

2.  Of  a  young  one,  nearly  folly  fledged,  which  on  the  3rd  of  August 
weighed  142  grs.,  the  humeri  sank  in  water,  maintaining  a  perpendicniar 
position.  They  were  completely  formed  and  well  ossified.  Excepting 
towards  their  inferior  extremity  they  were  white,  there  to  a  small  extent 
they  were  red.  The  white  portion,  at  least  nine-tenths  of  the  entire 
length,  contained  air;  the  red,  not  exceeding  one-tenth,  marrow  which, 
as  seen  under  the  microscope,  had  all  the  character  of  medullary  timae 
and  abounded  in  oil. 

3.  Of  a  third,  shot  in  the  same  place  as  the  preceding,  and  probably  of 
the  same  brood,  which  on  the  18th  of  August  weighed  179*5  grs.,  the 
humeri  floated  in  water,  and  were  entirely  full  of  air.  The  feathers  of  the 
abdomen  were  not  fully  formed,  and  the  buiaa  rabriai  wai  inucii  smaller 
than  that  of  the  preceding. 

From  these  results,  may  not  the  following  coiitliisions  be  drawn f 
First,  that  at  an  early  stage,  and  up  to  a  certain  period  of  ijrowth, 
marrow  exists  in  the  hones  specified,  of  all  the  Inuls  first  named  ;  aud 
that  about  the  time  of  hatching  the  mcdnllarv  ti-^viu-  abounds  less  in  oil 
or  falLy  matter  than  at  a  later,  the  pr()j)ortion  varynig  ii»  different  in- 
stances;  least  probably  in  birds  of  prey,  such  as  the  buzaard  and  owlj 
most  in  birds,  the  food  of  which  is  mostly  vegetable,  such  as  tlic  goo-t". 

Sceondlv,  that  the  substitution  of  air  for  marrow  in  those  boiR  s  wltich 
nri'  evcntimlly  liollow,  varies  as  to  time  in  ditiereut  species  ;  is  carlu  r  in 
tlie  rook,  the  crow,  the  grouse,  the  tit,  than  in  the  coniiiKm  Jow), 
duck,  and  goose,  especially  tlie  latter;  the  exchange  of  one  for  the  otiier 
having  probably  b onu'  relation  to  tlie  time  of  taking  wing  and  the  use  of 
the  parts ;  and,  in  accordance,  the  humeri,  except  in  the  instance  of  the 
sparrow-hawk,  seemed  to  have  the  marrow  absorbed  somewhat  earlier  than 
tlic  femora.  It  may  be  conjectured  that,  like  the  residual  yolk  in  the 
young  bird,  the  marrow  in  the  bones  in  question  may  serve  in  part  as  food, 
nourishing  in  the  act  of  its  removal. 

Relative  to  the  structure  of  the  hollow  bones,  I  have  but  a  few  woids  te 
offer. 
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In  the  humeri  there  is  a  peculiarity  which  may  be  desennng  of  meution* 
Towards  the  head  of  the  bone,  near  the  pnemnatic  foramen,  the  can- 
cellated structure,  connected  more  or  less  by  a  delicate  membrane,  pcr« 
forms  the  part  of  a  valve,  as  indicated  by  its  permitting  a  free  ncress 
of  air  in  one  direction,  but  preventing  in  the  other,  its  exit.  Tliis  is 
clearly  shown  by  the  nae  of  the  blowpipe,  and  in  no  instance  have  I  found 
an  exception. 

In  the  humerns  of  the  common  fowl,  in  three  instances  (a  section  of  the 
bone  having  been  made)  the  air  has  been  found  to  enter  from  the  pneu* 
matic  foramen  by  a  small  bony  canal  contiguous  to  the  side  of  the  bone, 
in  length  about  '6  inch,  in  diameter  about  *06  inch  *. 

It  is  said  that  the  trabecule,  or  minute  columnss  in  the  cancelbtedstmc* 
tore  of  the  hollow  bones,  are  also  hollow.  In  some  of  those  of  the  hu- 
meri of  the  adult  bustard  I  have  found  a  canal,  but  not  in  others ;  these 
were  solid.  Nor  hare  I  found  them  otherwise  than  aotid  in  the  humerus 
of  the  common  fowl,  goose,  and  turkey. 

As  to  the  bones  of  those  birds  of  the  second  kind,  in  which  the  marrow 
is  persistent  through  life,  I  may  briefly  remark  that  in  them,  as  in  the 
former,  at  an  early  period  the  marrow  seems  to  be  comparatively  poor  in 
oily  matter ;  and  that  the  earlier,  the  nearer  tlie  embryo  state,  Uie  less  is 
its  degree  of  consistence,  the  nearer  it  is  to  a  liquid,  and  the  larger  is  the 
proportion  of  bloodHMfpusdet  and  of  albuminous  matter,  and  the  smaller 
the  proportion  of  the  adipose. 

When  mature  of  growth,  the  bones  of  these  birds  appear  to  be  richer  in 
oily  matter  than  those  of  the  former  permanently  without  air.  Thus  the 
tibia  of  the  one  kind  in  the  dried  state  invariably  rinks  in  water,  whilst 
that  of  the  first  kind  only  partially  sinks ;  the  marrow  in  drying  in  the 
latter,  from  contsining  less  oil,  contracting  more,  and  allowing  of  the 
entrance  of  air.  In  the  radius  and  ulna  the  difference  is  less  strongly 
marked ;  these  bones  in  thrir  dried  state  commonly  sinking  in  water»  even 
when  belonging  to  burds  of  the  first  kind. 

As  regards  the  quality  of  marrow  in  the  bones  of  diff'erent  birds^  the 
trials  I  have  made  have  been  very  limited.  I  am  disposed  to  infer  from 
them  that,  besides  tlifferitip:,  ns  in  many  instances  it  does  in  colour,  it 
mny  differ  also  iu  coinpositiou,  in  the  proportion  of  adipose  matter  and 
its  kind,  and  in  the  proportion  of  alt)uriiiiiuiis  matter;  in  some,  as  in  the 
bones  of  the  gooso,  oil  most  abounding  ;  in  othere,  as  in  those  of  the  rook 
aiul  buzzarJ,  albuniinous  matter  and  f;it  of  the  stearine  kind.  Even  in  the 
bones  of  birds  of  the  second  kind,  such  as  their  long  bones,  there  is  a 
difference  in  this  respect ;  of  these,  all  that  I  have  examined  sink  in  water, 
with  the  exception  of  the  femora,  which  only  partially  sink,  the  marrow 
in  them  being  less  rich  in  adipose  matter,  and  consequently  m  drying 
contracting  more,  and,  as  before  remarked,  admitting  more  air. 

*  In  one  instanoe  tho  luno  kind  of  •tiuctuie  vaa  found  in  the  lemur  ef  a  phMMnt. 
VOL.  XV.  2  c 
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As  to  the  HiaikeJ  difference  of  hinli  of  tlie  two  kind;*  in  relation  to  the 
condition  ui  their  bones,  thu  rationale  is  uot  very  obvious.  Perhaps  au 
nj)|)io\iinat!on  to  the  truth,  or  to  the  probable,  may  be  made  by  com- 
jHuing  tiie  bones  of  birds  of  the  (wo  kinds,  whioh  are  ])0sscsscd  of  s^imilar 
jjowers,  the  swift,  for  in-itancc,  and  the  buzzard,  rivals  in  swiftness  of 
llii^iit  aud  enduring  power  of  wi^Kjr.  How  different  arc  their  liuniei  i !  of 
the  longer,  very  short,  strong,  and  conipaet,  provided  with  tirin  aiid  large 
processes  for  the  attachment  of  muscles ;  iu  ilie  latter,  loug,  hollow,  and 
light,  and  comparatively  brittle,  yet  sufficiently  firm  to  bear  without  fracture 
the  muscles  which  act  ou  them.  Here,  have  we  not  after  a  manner  a  kind 
of  substitution  of  qualities  ?  great  strength  and  extended  surface  in  small 
space  in  the  one,  for  lightness  witli  greater  length  of  lefWig^  in  the 
other.  Further,  the  one  kind  of  bone,  tliat  which  contains  roanow,  being 
less  brittle  than  that  which  contains  air,  and  more  yielding,  may  be 
less  liable  to  fracture;  a  quality  which,  in  the  bird,  before  the  ossification 
is  complete,  may  be  of  essential  service ;  so  that,  teleologicaUy  considered, 
it  may  perhaps  serve  to  account  for  the  bones  which  ire  eventiinll/ 
hoUow  having  primarily  manow  in  place  of  air, 

December  13,  1866. 

WILLIAM  BOWMAN,  Esq.,  Vice-Prettdent,  in  the  Chair. 

Among  the  Presents  announced  were  two  manuscript  volumes,  by 
Solomon  Dracb,  £sq^  F.K.A.S.y  contauu^g  Tariona  Tables  in  Fnie  Mktlie- 
matic4»  presented  by  the  author. 

The  following  communications  were  read 

I.  ''On  Poiaaon^a  Solution  of  the  Accurate  Equations  applicable 
to  the  Tnmsmiaaion  of  Sound  through  a  Cylindrical  Tube ; 

and  on  the  General  Solution  of  Partial  Differential  Equa- 
tions."  By  iv.  ^r<)f)\,  M.A.,  late  Fellow  of  Uueou's  Colle*re, 
Cauibriii^'c.  Communicated  by  Prof.  J.  J.  Sylvester,  llc- 
ceived  November  14,  186C. 

(Ahrtract.) 

The  pair  of  equations 

which  const iluU^  i'ois'^fm's  sohition  of  tiie  accurate  r(jimtions  npjslying  to 
the  ti  ansmi-^sion  of  soiuid  throiigh  n  cyliivlrical  tube  derived  by  La  Grange's 
method,  have  long  attracted  the  atteutiou  of  mathematiciant. 
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For  La  Grange's  eqoatioiui  we  may  snbstitute  the  followiug,  vi 

dv  dp  

do_^'D  dp^ 
dx   p'  dt 

The  first  of  these  is  obtained  from  tiie  oqiintioii  of  the  Encyc.  Met. 
(Art.  "  Sound"),  by  putting  o  for  '^^  and  ?  for  'IM. 

i't         p  dx 

The'secoud  results  from  n  siiailar  substitution  in  the  analj^tical  condition, 

Poissou's  solution  has  always  been  regaided  as  imperfect,  and  may 
easily  be  shown  to  be  so. 

I  was  some  time  Ago  strucl.'  by  finding  that  the  above  equations,  whOe 
they  yielded  with  facility  the  result  of  Poisson,  notwithstanding  their 
simplicity,  baffled  crcry  effort  to  extract  from  them  One  more  consonanfcto 
the  general  ixigencies  of  the  problem, 

I  had  at  this  time  arrived  at  the  conclusion  that  the  Uw  of  presniie 
assumed  in  the  received  theory  of  Fluid  Motion  could  not  be  generally 
true,  and  in  a  Paper*  communicated  to  the  jRoyal  Society,  had  pomted 
out  that,  in  a  certain  case  of  motion,  the  assumption  of  the  truth  of  that 
law  led  to  a  oontiadiction  ;  while  in  another  ease  of  motion  the  expression 
for  the  pressure  given  by  the  received  theory  was  palpably  enoneona. 

It  oecnrted  tome^  therefore,  that  the  defective  law  of  pleasure  of  the 
leoerred  theoiy  aceounted  for  the  defective  solution  whieh  alone  was  ob« 
tamable  from  the  equationi  of  motion  derived  from  it.  If  the  law  of  pres* 
sure  of  the  reeeifed  theory  was  not  always  tnist,  if  it  held  only  when  cer- 
tain conditions  were  satisfied,  those  eonditim  wonld  ohnonsly  have  the 
eflbct  of  dismissing  from  the  complete  aolation  of  the  problem  obtained  on 
n  perftet  theory  at  least  one  of  the  two  arbitnoy  fhnetioiui  whieh  it  must 
necessarily  intolre. 

^  With  a  idew  to  cttaUiahing  this  pomt,  aanmie  the  solution  of  the  eqna^ 
tions  of  motion  to  be  contained  in  the  pair  of  eipntions» 

F(wyfpv)=<l>{/(xytpv)  },  I  ' 

f(^jtpv)^^P{/(xfjtpv)}.f •  W 

If  these  equ  ilioii^  satisfy  the  equations  (A),  the  latter  will  equally  be 
satisiied  by  the  jpair  of  equations, 

l%iytpv)=^{A^t/tpv)  \ . 
But  it  is  shown  in  my  Paper  that  these  latter  can  only  satisfy  the  cqua< 
tions  (A)  on  the  supposition  that  F  is  of  the  form 

F=F(r+alog,p). 
Moreover,  since  we  have  in  equations  (B)  the  function  F  equal  to  an 

*  On  Uw  3>tte  Theoty  of  Bmsiire  as  applied  to  Etastio  Bloids  in  Motion. 

2c2 
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arbitruy  fanedon  of  /  conversely  we  must  bare  /  equal  to  an  arVttrar7 
function  of  P.   Hence,  in  exactly  the  same  way  in  which  it  is  proved  that 

V  must  linvc  the  above  form,  \vc  may  equally  prove  that/,  F,/raust  seve- 
rally have  the  same  form.  It  clearly  results,  thercluic,  from  the  above 
assumed  solution  (B),  that  the  equations  (A)  arc  insoluble,  except  on  the 
assumption  that  the  velocity  tuay  be  expressed  in  terms  of  the  densit/ 
alone ;  t.  e,  that  we  may  assume 

'>=Ap)- 

But  •nbatUuting  tbit  nlue  of  v  in  cqiutioM  (A),  the  latter  become 
whence  we  get 

and  eventually,  i)  being  tiie  value  of  p  when  r=0, 

±»«log  .£. 

which  is  the  most  general  solution  of  which  the  equations  of  motion  are 
susceptible ;  and  which,  making  allowance  for  the  difference  of  the  ordi* 
nates  employed  in  the  two  cases,  y  referring  to  the  parUcle  when  hi  motion* 
and  X  to  its  position  of  rest,  is  identical  with  that  of  Poisson. 

The  failure  of  mathematicians  to  derive  from  the  equations  of  motion  of 
the  received  theory  a  solution  containing  two  arbitrary  functions  has 
hitherto,  I  apprehend,  been  universally  attributed  to  difficulties  of  integr»-> 
tion.  So  far  is  this  view  from  being  well  founded,  however,  that  in  a 
postscript  to  my  Paper  it  is  shown  that,  auuminff  the  fre$8ure  to  foUom 
any  law  wAutever,  a  solution  of  the  equations  of  motion  can  be  obtained 
containing  two  arbitrary  functions ;  a  result,  however,  which  requires  that 
the  expression  for  tlie  prwsure  shall  satisfy  certain  eonditions,  which  con- 
ditions m  viofaitd  when  the  pressure  is  assumed  to  vary  with  the  den* 
sity  alone. 

Whatever  he  the  law  of  pfesnne,  it  must  always  he  capable  of  being  cx> 
pressed  in  terms  of  x  and  /.  Moreover,  the  velocity  and  density  are  hi 
like  manner  seversJly  capable  of  bemg  expressed  in  terms  of  «  and  I; 
whence  it  fdhms  that  we  may  always  express  « in  terms  of  p  and  and 
equally  that  we  can  express  t  in  terms  of  p  and  v ;  so  that;,  whatever  be 
the  law  of  pressure,  we  may  assume  it  to  be  a  funetion  of  p  and  v. 

Hence,  assuming 

dx   dp'  djp   d9  dx      dx  d^ 
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where  B  and  V  are  functions  of  p  and  v  only,  we  (have  for  oar  equationi 
of  motion  tlie  foUowmg,  viz. 

(/x    (?  dt 

of  wliich  the  foUowiug  pair  of  equations  constitute  the  solution^  viz. 


where /,(/),»)= const.,  and/,Cp,c)= const,  arc  the  respective  integrals  of 
the  ordinary  differential  equations, 

wliich  involve  the  variables  o  and  p  only.  But  this  result  is  dependent  on 
the  fiwt  of  the  following  conditions  being  satisfied,  vts.^  that  we  have 

^  dp*  ao 
wheie   

which  conditions  cannot  be  sr^tisficd  if  the  law  of  jircssiire  depends  upon 
the  density  only  (iu  which  case  Y«bO  and  A  contains  p  only),  as  may  easily 
be  shown. 

With  regard  to  the  theory  of  Partial  Differential  E(juation?,  I  conceive 
thnt  tlic  methods  indicaied  in  the  Paper  will  serve  io  elicit  every  solutiou 
of  a  partial  diffcrcnUal  equation  of  the  second  order  and  first  degree,  save 
one,  viz.,  an  inti2;ral  solution  consisting;  of  a  simple  relation  between  the 
variables  X,  y,  r,  free  from  arbitrary  functioTi?!,  and  which  is  not  derivable 
from  a  solution  contaiQing  arbitrary  functions,  by  assigning  particular 
values  to  the  latter. 

If  the  equation 

flpr     dxdy  dy 
have  a  first  integral  consisting  of  the  pair  of  equations 
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.or  coniiiting  of  the  pair  of  e^aationi 

or  of  the  single  equation 
or  of  the  Buiglc  equation 
then  in  every  one  of  these  cases  we  must  have 

0»B .  F(«) .  F(2)  +  T,F(p) .  F(2)  +  { R . F'(i/)  . i> + T . F'(p) .  j} F(*) 

+V.F(i)).F(g)*. 

It  also  shown  with  more  or  less  of  generality,  and  it  is  capable  of 
being  shown  generally,  that  if  the  given  equation  admit  of  a  complete  in- 
tegral solution  containing  two  arbitrary  functions,  it  will  necessarily  have 
two  first  integrals^  each  of  which  will  be  of  the  form 

It  mififht  have  been  added*  that  if  the  general  equation  of  the  fieconcl 
order  and  second  degree  be  written 

+P|.r+P«.  *+P/  +Pi 
and  it  is  satisfied  by  the  equation 

then  F  and/ must  severally  satisfy  all  three  of  the  foUomug  equations,  viz. 

F(i-)4-F,(r)y.-MF(?>)=0, 
F(y)+F(*)2-«F(2)«0, 

where 

0=P^^ .  i*-P,^ .  r»+(P;^,+  Prf)/'-P^,./+P^,, 
0=Pr  «*+Pr^»»»+P/,»*— P,.m-  P<n+P, 
0=(JP,^-Pr,.HPr*'O»l 

-(P^f^-P^Z  +  Pr). 

*  The  funeUons/,  F,  /miut  Miisfy  tha  Mune  ooncUtioiu,  except  in  the  eeoond  of  the 
above  oa««» 
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11,  "Abstract  of  the  Results  of  the  Comparisons  of  the  Standai'ds 
of  Lengtli  of  Encrlaiul,  France,  Belgium,  Prussia,  Russia, 
.  India,  Australia,  made  at  the  Ordnauce  Sur- ey  Oflfice,  South* 
ampton/'  By  Captain  A.  R.  Clarke,  BJi).,  1  .U.S.,  &c.,  under 
the  Direction  of  Colonel  Sir  Ubnhy  James,  R.E.,  F.R.S.,  &c., 
Direetor  of  the  Ordnance  Snrv^.  Heoeived  November  16, 1866. 

(Abstract.) 

In  the  preface  to  this  paper,  Sir  Henry  James  gives  an  account  of  the 
circumstances  under  which  the  work  was  luideriakcu,  as  loiiows.  (A 
Table  of  result  s  is  appended,  p.  313.) 

The  principal  Inaiigulaliou  of  the  United  TjLiugdom  was  finished  in 
18.")!  ;  and  the  triangulationb  oi"  Fiaucc,  iiulginni,  Prussia,  and  Kusbiu 
v.cre  so  far  advanced  in  1860,  that,  if  cuuacctcd,  we  should  Lave  a  conti- 
nuous triancvdation  from  the  Island  of  Yakutia  on  the  south-west  ex- 
liciiiiL)  of  liLlauJ,  iu  north  latitude  ."jI  -  .^.V  20",  and  longitude  10'^  20' 40" 
west  of  Greenwich,  to  Orsk  ou  the  River  Ural  iu  Russia. 

It  was  therefore  possible  to  measure  the  length  of  an  arc  of  parallel 
in  latitude  52^  of  about  75°  and  to  determine,  by  the  assistance  of  the 
electric  telegraph,  the  exact  dillercnce  of  longitude  between  the  extre- 
mities of  this  arc,  and  thus  obtain  a  crucial  test  of  the  accuracy  of  the 
figure  md  dimensions  of  the  earth,  as  derived  from  the  measurement  of 
arcs  of  meridian,  or  the  data  for  modifying  the  results  previously  ar- 
rired  at. 

The  Russian  Government,  therefore,  at  the  instance  of  M.  Otto  Struve^ 
Imperial  Astronomer  of  Russia,  invited  (in  1860)  the  cooperation  of  the 
Governments  of  Prussia,  Belgium,  France,  and  England,  to  effbct  tliis 
most  important  object,  and  to  their  great  honour  they  all  consented*  md 
granted  the  necessary  funds  for  the  execution  of  the  work. 

The  portion  of  the  work  which  was  assigned  to  me,  was  the  connexion 
of  the  triangolation  of  England  with  that  of  France  and  Belgium,  and  I 
pnbliahed  the  results  of  this  operation  in  1862  *.  Bnt  this  work  has  been 
done  in  dnplieate;  for  when  application  was  made  to  the  French  Go* 
vemment  to  permit  the  necessary  obscrrationa  to  be  made  in  France>  they 
not  only  ooDsented  to  allow  this,  but  at  the  same  time  volunteered  to  jom 
in  the  labour  and  expense  of  the  work  itself. 

It  would  olmoasly  have  been  wrong  to  mix  np  observations  made  with 
different  kinds  of  instrumenta  and  on  different  principles,  and  therefore  ii 
waa  agreed  that  the  work  should,  in  &ett  be  made  in  duplicate,  both  the 
Fr^ich  and  English  geometriciana  using  exactly  the  same  stationa. 

The  results  obtamed  by  the  French  geometxidana  is  published  in  the 

•  Kctcnsion  of  the  Triangtdatioa  of  the  Onbianoe  Sorrcj  mto  Frtam  and  Bel' 
gtum,  London,  1803^ 
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Supplemcut  to  vol.  ix.  of  the  *M^morinl  dn  Dc'i  nt  fii  iu'ral  dv  la  Guerre,' 
1805,  and  the  agreemeat  with  the  results  ubtaiued  bjr  the  English  ia  trulj 
aurpri.sins'. 

But  howcviT  accurately  the  t rii^onomptrical  observations  might  be  per- 
formed, it  is  obvious  that,  without  a  knowledge  of  the  exact  relative 
lengths  of  the  standards  used  as  the  units  of  measure  in  the  ttiaogulattoa 
of  the  several  countries,  it  would  be  impossible  accurately  to  express  tlie 
length  of  the  arc  of  parallel  in  terms  of  auj  one  of  the  standards. 

It  was  tlierefore  necessary  that  a  comparison  of  the  atandards  of  length 
should  be  made,  and  aa  we  had  a  building  and  apparatus  expressly  erected 
for  the  purpose  of  eomparing  atandards  at  this  Office,  the  Bnglish  Govenn 
ment,  on  mj  recommendation,  invited  ihe  Governments  of  the  several 
countries  named  to  send  their  standards  here,  and  we  have  had  the  fol* 
lowing  compared  with  the  greatest  accuracy !— 

1 .  Russian  standard,  double  toise,  P. 

2.  Prussian  standard  toise. 

3.  Belgium  standard  toise. 

4.  Platinum  metre  of  the  Royal  Society,  compared  with  the  standard 
metre  of  France  by  H.  Arago. 

5.  Eni^ish  standard  yards,  A,  B,  C,  29>  47^  51, 55,  58. 

6.  Ordnance  Survey  10-foot  standard  bar. 

?•  Indian  10-foot  standard  bars,  new  and  old. 

8.  Anstraltan  10-foot  standard  ban 

9.  In  addition  to  the  above,  the  10-foot  standard  bar  of  the  Cape  of 
Good  Hope  was  compared  heie  in  1844, 

Ve  have  invited  the  Governments  of  Austria,  Spam,  and  the  United 
States  of  America,  also  to  send  theur  standards*  We  have  been  promised 
that  of  Austria,  and,  but  for  the  unfortunate  war  in  which  she  has  been 
lately  engaged,  we  should  have  received  it  before  this. 

I  have  entrusted  the  execution  of  the  work  of  comparisoa  and  the 
drawing  up  of  the  results  to  Captain  Alexander  B.  Clailee  of  the  Royal 
Engineers,  who  designed  the  apparatus  used*  The  numerous  compari* 
torn  to  be  made  entailed  a  great  amount  of  labour  upon  him  and  his 
aiiistants,  Quarteimaiter  Steel  and  Corporal  Compton,  of  the  Royal 
Englneeis. 

Before  the  connexion  of  the  triangulation  of  the  several  countries  into 
one  great  network  of  triangles,  extending  across  the  entire  breadth  of 
Europe,  and  before  the  discovery  of  the  electric  telegraph  and  its  exten- 
sion from  Yalentia  to  the  Ural  Mountains,  it  was  not  possible  to  execute 
so  vast  an  undertaking  as  that  which  is  now  in  progress.  It  is»  in  fact, 
a  work  which  could  not  possibly  have  bet  n  executed  at  any  earlier  period 
in  the  history  of  the  world.  The  exact  determination  of  the  figure  and 
dimensions  of  the  caith  lias  been  the  great  aim  of  astronomers  for  up- 
wards of  two  thousand  years,  and  it  is  fortunate  that  we  live  in  a  time 
when  men  are  so  eulighteued  as  to  combine  their  labours  to  effect  an  ob- 
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ject  desired  bj  allt  and  at  the  fint  moment  when  it  nai  poeeiUe  to  on-  • 

cute  it.  ' 

A  full  defaikd  ecoomit  of  the  '  Compenaoiis  oi  the  Standaidt  of  I 
Length/  with  munerani  platce»  hat  just  been  pnUiabed,  and  mmj  be  ob-  ! 
tained  from  the  agents  for  the  sale  of  the  ]nihlieataons  of  the  Oidnaaoe  \ 
Survey. 

December  20. 1866* 

I 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Yiee-Fieeiden^  ^ 

in  the  Chair.  I 

I 

The  foUowiDg  oommumcatioas  were  read  | 

1,  "  On  the  Formation  of  '  Cells '  in  Auimal  Bodies/'  By  I. 
MoNTQOMEKY^  M.D.  Commumcatod  by  J.  Simon^  Esq. 
Kcceived  November  8, 18(>6. 

(Abstract.) 

So  called  organic  "cells,**  chiefly  those  of  various  cancerous  tumour^, 
were  seen,  on  the  addition  of  \vater,  to  expand  to  several  times  their  ori- 
ginal size,  aiiil  ;it  last  to  vanish  altogether  into  the  surroundinir  mcdiuru. 

The  "nucleus"  did  not  always  participate  in  this  change,  \ml  at  tinics 
remained  unaltered,  ^\]lilbL  the  outer  cousuLucuLs  of  the  "cell"  were  ua« 
dergoing  tliis  process  ol  expansion. 

This  curious  phenomenon  of  extreme  dilatation  is  i  ntelligible  oidv  on  the 
supposition  that  the  spherical  bodies  in  question  are  in  reality  globules  of  a 
uniformlv  viscid  material,  which  by  imbibition  swells  out  till  at  la:3t  iu 
viscosity  is  overcome  by  the  increasing  lupicJaction. 

Li  embryonic  tissues  and  in  ^arious  tumours,  single  "nuclei**  were  seen, 
each  surrounded  by  a  shred  of  granular  matter.  On  the  addition  of  water 
there  would  bulge  from  one  of  the  margins  of  the  granular  mass  a  seg- 
ment of  a  clear  globule,  which  continued  growing  until  it  had  become  a 
full  s])here,  which  ultimately  detached  itself,  nnd  wad  carried  away  by  the 
currents.  At  other  times  no  such  separate  globule  would  be  emitted,  but 
the  entire  uTfLmilin  >]ued  would  itself  gradually  assume  the  spherical  shape, 
ultimately  eiicumpassing  the  "  nucleus/'  and  ooustituting  with  the  saofte 
the  most  perfect  typical  "  cell." 

Not  only  single  "  nuclei  *'  ^vero  found,  each  surrounded  by  a  shred, 
but  also  clusters  of  two,  lour,  and  more  were  seen  similarly  enclosed 
by  a  proportionately  large  graiiular  mass.  Under  these  circumstances  it 
sometimes  occurred  tbat»  on  the  addition  of  water,  the  whole  granular 
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11IB8B  of  snob  a  dniter  became  tranifomied  into  a  large  sp]|m«  «nntainSn|> 

two,  four  or  more  "  nuclei.'*  The  resuldng  body  waa  to  all  appearance 
Identical  with  shapes  well  known  under  the  name  of  "  mother-cells."  In  all 
these  cases  the  granular  shred  must  have  partly  consisted  of  a  viacid  ma* 
terial,  which,  on  imbibition*  naturally  assomed  the  apherical  shape. 

Primary  globules  were  surrounded  by  a  secondary  globule,  and  thoo  the 
tjpical  "  cell "  wai  completed  under  the  obserfer's  eye. 

In  fome  instanoes  the  globules  resulting  from  the  transfofmation  of  the 
granular  mass  were  at  first  bright  and  transparent,  the  granules  having 
completely  disappeared.  They,  howmr*  gradually  reformed,  showing  at 
first  molecular  motion,  then  eiowdingmore  and  more^  till  at  last  the  whole 
mass  seemed  to  undergo  coagulation. 

Alternate  hqnefiustion  and  coagulation  of  the  same  material  waa  found  to 
play  an  important  part  in  the  developmeni  of  *<  cells." 

Masses  of  certain  viscid  materials  do  not,  on  imbibition,  expand  uni- 
formly throughout  their  entire  bulk,  but  globules  of  a  definite  siae  are 
emitted,  as  many  as  the  mass  will  yield. 

The  crystalline  lens  of  many  young  animals  affords,  when  treated  with 
water,  a  beautiful  illustration  of  this  fact.  Its  homogeneous  material  is 
transformed,  under  the  influence  of  imbibition,  into  a  vast  number  of 
globules  of  nearly  equal  size. 

Hyaline  embryonic  tissues  display,  under  similar  conditions,  the  same 
phenomenon. 

Cert^n  inferences  lead  one  to  suspect  that  this  size-limiting  property  is 
due  to  the  crystallising  propensity  of  some  ingredient  of  these  viscid 
substances. 

Blood-corpuscles,  human  blood  corpuscles  at  least,  are  evidently  tiny 
Inmps  of  a  uniformly  viscid  material. 

When  broken  up  into  fragments,  each  fragment  assumes  the  spherical 
shape. 

On  slow  imbibition,  they  often  emit  a  clear  sphere,  or  a  segment  of  one. 

In  various  specimens  of  fcEtal  blood,  each  blood-corpuscle  was  seen  to 
emit  as  many  as  two  and  even  three  equally  sized  globules,  the  original  cor- 
puscle being  at  last  no  more  distmguishable  from  its  descentlants.  This 
is  sufficient  proof  of  the  uniformly  viscous  nature  of  the  blood-corpuscles. 

In  many  cancers  the  most  recently  formed  part  consists  of  mere  fibres. 
These  after  a  time  become  "nucleated."  The  "nuclei"  are  at  first  rcry 
elongated,  this  being  due  to  the  lateral  pressure  of  the  still  fibrous  texture. 
But  as  the  mass  gradually  softens,  the  ovals  expand  more  and  more  into 
spheres,  forming  the  primary  globules,  round  which,  as  has  alrqady  been 
shown,  a  secondary  globule  is  often  seen  to  shape  itself. 

Chemical  differentiation  transforms  first  one  portion  of  the  fibrous  mnss 
into  viscid  material.   This  at  once  strives,  by  imbibition,  to  assume  the 
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globular  shape.    The  remaiaiog  portion  maj  or  may  not  ultimately  undergo 

giniilfir  transfonnation. 

Inllamed  serous  membranes  become  often  densely  "nucleated.**  In  the 
deeper  lavrr",  the  "nuclei"  arc  Tery  clnnLvitrd,  At  the  surface  they  are 
pcrk(  tlv  L'l*>li  il  ir,  ;iu'l  arc  detached  niMiutc  opaque  balls.  These  balls 
nre  the  granulati'  ii  ov  the  pus-roi  pu'-i  1;  On  imbibition,  one  j)oriioti 
of  their  sol't  niatcnat  swells  out,  encompassing  the  rest,  which,  when  form- 
in*^  a  single  uniform  <;lobule,  goes  under  the  natne  of  granulation-corpuscle  ; 
vrhcu,  on  the  other  hand,  broken  up  into  sevn  nl  L:i  ;umlf":,  rort^titutcs  the 
famous  pus-"  cell.'*  This  is  an  example  of  a  scluhI  mode  nf  "cell  "-for- 
mation. Here  the  Aecondary  globule  is  shaped  from  a  portion  of  the 
primary  mass. 

In  some  instances  these  "nuclei**  or  balls  will,  when  still  enclosed 
within  the  surrounding  texture,  undergo  the  abore-mentioned  change  on 
imbibition,  and  thus  whole  rows  of  grannlation  or  pus-corpuscles  are  seen 
to  form. 

This  second  mode  of  "cell  "-formation  is  still  more  strikingly  manifested 
in  epithelial  textures.  In  the  mucous  membrane  of  the  nose,  for  instance, 
the  faint  oval  "  nuclei  **  of  the  large  scales  become  daring  disiutegration 
more  and  more  distinct  and  globular.  The  surrounding  material  of  the 
scale  gradually  liquefies,  and  the  minute  halls,  thus  liberated,  expand  by 
imbibition  into  mucus-  or  pus-corpnscles.  It  oflen  succeeds  to  make  them 
form  in  all  perfection  whilst  they  are  still  contained  within  the  scale. 

In  abscesses  of  the  skin  the  pus-corpuscles  are  formed  m  exactly  the 
same  manner.  They  can  often  be  watched,  fully  shaped,  still  enclosed 
within  the  scale.  Here,  it  wonld  seem,  are  "  cells,"  not  the  resolt  of  UA^ 
bnt  rather  of  death. 

The  multiple  ''noclei'*  of  pos^rpnscles  are  not  the  result  of  OTer- 
ftcundity,  bnt  are  simply  due  to  the  disintegration  of  the  non-imbibtng 
portion  of  those  oral  or  spherical  dear-cut  bodies  which  are  tfiemselTCi 
so  well  known  under  the  name  of*'  nndei.*' 

The  dismtegration  of  this  non-imbibiog  portion  can  be  traced  throngh 
all  possible  stages,  down  to  the  clnster  of  most  irregnUurly  shaped  gra* 
Holes  (whiehf  notwithstanding  liaTe  been  looked  upon  as  the  resalt  of 
fissipaions  division),  and  has  been  made  to  represent  the  crowning  feature  of 
the  cell  theoiy. 

The  same  mmate  balls  found  swimming  in  the  lemm  of  a  blister  were 
seen,  when  treated  with  water,  to  disdosesin^e  bright  clear  cat  *<nneleis" 
when  treated  with  acetic  acid,  to  reveal  the  most  typical  multiple  nadei  of 
pmhedli. 
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11. — Sitperimenial  Vtrijleaium* 

In  all  the  above-cited  observations  the  existence  of  a  \  iscicl,  imbibing 
material  was  proved  with  almost  conclusive  evulence, — a  viscid  niHterial 
"which  is  capable  of  forming  globules  of  a  definite  size,  and  which  in  the 
living  organism  actually  forms  such  globules ;  shapes,  the  nature  of  which 
has  been  hitherto  mistaken. 

After  a  loug  search,  the  substance  known  under  the  name  of  myeliue  was 
found  to  be  the  desired  material. 

When  to  myelinc  in  its  dry  amorphous  state  water  is  added,  slender  . 
tubes  are  seen  to  shoot  forth  from  all  free  mam-iiis.    These  are  sometimes 
wonderfully  like  uerve-tubcs  in  appearance.    They  are  most  flexible  aud 
plastic.     From  this  curious  tf  iidt  iicy  of  shooting  forth  m  a  rectilinear 
direction  it  was  inferred  tluit  a  crystallizing  force  must  be  at  work. 

To  coimferact  this  teudency,  and  to  oblige  tlie  substance  to  crystallize 
into  globules,  it  was  intunately  mixed  with  white  of  egg.  The  result 
was  most  perfect.  Itistcnrl  of  tubes,  splendid  clear  globules,  layer  after 
layer,  were  formed,  reseiubiing  closely  those  of  the  crystalline  lens  formed 
under  similar  conditions. 

Here  was  actually  found  a  Tiacid  substance  which,  on  imbibition^  formed 
globules  of  a  definite  size. 

The  remaining  task  was  comparatively  an  easy  one.  By  mixing  the 
myeline  with  blood-8eram«  gLobuks  were  dbtamed  showing  the  most  liTeljr 
molecular  motion* 

When  the  serum  somewhat]  preponderated,  the  whole  gk>bales  seemed, 
after  a  whiles  to  undergo  coagulation,  and  appeared  often  as  beautifully 
and  finely  granulated  as  any  real  "cell." 

When  this  mixture  of  myeline  and  serum  was  spread  very  thinly  over 
the  glass  slide,  there  often  started  into  existence,  on  the  addition  of  water^ 
small  primary  globules,  round  which  an  irregular  mass  of  granular  mate- 
rial  became  gradually  detached  from  the  glass  slide.  It  at  last  shaped 
itself  into  a  secondary  globule*  enclosing  the  primary  one,  and  constituting 
with  it,  down  to  the  minutest  details,  the  most  perfect  lypical "  cell."  In 
many  instances  the  nudeolus  did  not  fail,  and  the  narrow  white  margin^ 
so  often  mistaken  for  a  oelUwall,  was  always  present.  Beautiful  **  mother- 
cells"  were  formed  in  the  same  manner* 

The  next  endeavour  was  to  form  "cells''  according  to  the  second  mode* 

If  the  amorphous  myeline  be  very  thinly  spread  on  the  glass  slide,  in- 
stead of  tubes  there  will  form  bodies  looking  like  rings.  They  sre  actu* 
ally  double  g^ules,  the  inner  globule  being  more  transparent  than  the 
outer.  They  correspond  to  the  inner  and  outer  substance  of  the  above- 
mentioned  tubes.  When  these  are  left  to  dry,  and  then  again  acted  upon 
with  water,  one  portion  will  swell  out  into  a  dealr  globule,  enclosing  the 
rest  as   nucleus."  These  "  nuclei "  are  dther  large  and  single,  like  those 
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of  granulation  corpuscles,  or  they  are  multiple,  exactly  like  those  of  pus- 
cells.  ^Vl^olc  layers  of  perfect  pus-corpuscles  are  thus  formed.  But,  of 
course,  more  complicated  shapes  occur  as  well.  Among  these,  for  instance, 
many  such  pus-cell-like  bodies  enclosed  within  one  large  sphere. 

If,  instead  of  water,  serum  be  added  to  the  thinly-spread  myeline,  bi- 
concave disks  will  form,  only  generally  much  larger  than  blood-corpuscles. 

"  Cells  **  being  thus  merely  the  physical  result  of  chemical  changes,  they 
can  no  longer  afford  a  last  retreat  to  those  specific  forces  aJled  vitaL 
Physiology  must  aim  at  hemg  something  more  than  the  study  of  Hw 
functions  of  a  variety  of  ultimate  organic  units.  And  pathology  wiQ  gpia 
new  hope  in  considering  that  it  is  not  really  condemned  to  be  the  istor- 
pteter  of  the  many  abnormities  to  wbicb  the  myskerionslife  of  myriads  of 
mieroscopieal  indrridiials  seemed  to  be  liable* 


II.  '^Fteliiiiinary  Notice  of  Risaults  of  FendiUam  Experiments 
made  in  India/'  By  Lieut^-CoLWALUii,  F.B.S. :  in  a  Letter 
to  the  President.    Beeeived  September  21,  1866. 

I  have  the  pleasure  to  inclose  a  provisional  abstract  of  the  results  of 
Oapt.  Basen's  observations  with  his  pendulums  during  the  past  field 
season.  Though  provi  ional,  it  will  probably  be  found  to  agree  Teiy 
closely  with  the  final  results,  which  will  be  deduced  as  soon  as  the  eonce- 
tions  for  buoyancyt  temperature,  &c.  are  finally  known. 

Already  these  experiments  are  beginning  to  throw  light  on  the  subject 
of  Himalayan  attraction ;  for  the  observations  cl^ly  show  that  the  force 
of  gravity  is  lesH  than  it  should  be  theoretically  at  the  statioiis  in  the 
vicinity  of  the  Himalayai?,  and  that  the  difference  between  theory  and 
practice  diminishes  the  further  the  station  is  removed  from  the  Himalayas* 

This  is  a  remarkable  confirmation  of  Airy*s  opinion,  that  the  strata  of 
the  earth  below  mountains  are  less  dense  than  the  strata  below  plains  and 
the  bed  of  the  sea. 

Combining  these  observations  with  those  that  were  used  by  Mr.  Baily 
(including,  I  belicTe.  all  your  own),  the  yalue  of  the  ellipticity  will  be 
diminished  from  to  (approx.),  and  will  therefore  tend  more 
doselj  to  assimilate  with  Capt.  Clarke's  Tslne, 

•  The  pendulum  mult  is  — B.  S. 
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The  Society  thea  adjourned  over  the  Christmas  recess,  to  ThursdAyv 
January  10, 
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Jmmary  10, 1867* 

Lieut.-General  SABIIsE,  President,  iu  the  Chair. 

The  foUowing  comnnuucation  was  read : — 

''On  the  Appendicular  Skeleton  of  the  Primates.'^  By  Sr.  George 
MiVART,  F.Z.S.,  Lecturer  on  Comparative  Anatomy  at  St.  Mary^s 
Hospital.  Communicated  by  Prof.  Huxley,  Received  No- 
vember ^2, 1866. 

(Abstract.) 

The  author  begaa  by  mentioning  the  principal  wiationi  found  in  the 
order  Primatea,  as  to  the  abaolute  and  rdative  length  of  the  pectoral  limb 
with  and  without  the  manus ;  and  then  taking  each  bone  Beparately»  described 
the  modifications  undergone  by  each  in  all  the  genera  of  the  order*;  as 
also  the  relative  size  of  the  segments  and  bones  of  the  limb  compared  to 
each  other  aud  to  the  spine.  The  pelvic  limb  was  then  similarly  treated 
of,  and,  in  addition,  its  segments  iiud  bones  were  compared  with  the  homo- 
typal  segments  and  bones  of  the  pectoral  limb. 

The  author  after  this  reconsidered  the  question  as  to  tlie  use  of  the 
terms  "hand"  and  "foot,"  and  the  applicability  of  the  term  "  Quadru- 
manous  **  to  Apes  and  Lcinuroids. 

He  controverted  the  position  lately  assumed  by  Dr.  Lucaef,  that  both 
anatomically  and  physiologically  the  pes  of  apes  is  inoi  c  like  the  iuiuiaa 
hand  thau  the  human  foot.  At  the  same  time  he  rcLoimnt  iuled  the  i!<e  of 
unambiguous  homological  terms,  such  as  "mauus"  and  "pes"  (already 
adopted  by  some)  instead  of  *'haad"  and  "  footy"  in  all  treatises  on  com- 
parative anatomy. 

Tables  of  the  dimensions  and  proportions  of  the  limbs,  their  segments, 
and  bones  were  then  given,  ezl^iting  the  variations  presented  in  these 
respects  throughout  the  whole  series  of  genera. 

The  author  then  oonsidered  the  more  peculiar  forms  of  the  order,  begin- 
ning with  Man. 

The  principal  resemblances  and  differences  in  form,  size,  and  proportion 
between  the  human  appendicular  skeleton  and  that  of  other  primates  wm 
given  in  detail,  followed  by  a  list  of  those  points  iu  which  man  differs,  as  to 
the  bony  structure  of  his  limbs,  from  all  other  primates. 

The  limb-skeletons  <>f  the  Orang,  Marmoset,  Indri,  Slender  Lemur, 
Tursier,  and  Ayemye  were  then  similailjr  reviewed,  and  lists  given  of  the 
absolute  pecoliaritiea  found  in  each. 

The  oondusTon  anived  at  fhim  these  oomparisons  wa^  that  Man  dilfers 
less  from  the  higher  Apes  than  do  oertain  primates  below  him  from  aaeh 

*  Jb;,\cf'])t  certain  Lemuroid?,  of  whicii  uo  specimens  exist  in  this  country, 
t  Abbaudliingeti  von  der  idcnckeubcrgi«cbeA  NaturfonchenUeu  Gmll»ch«£t.  Frank- 
fort, 1865,  vol.  V.  p.  275. 
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other;  and  tliat  he,  thus  jvrhfrd,  evidently  takes  luB  piace  amougst  the 
members  of  the  s^ubordcr  AntJtrupoidea, 

A  list  of  the  priucipai  cstLohigical  variations  }> resented  by  the  several 
groups  and  genera  of  the  !)rdcr,  l)cforc  uinneiuionccl,  was  then  cliveii ;  nnd 
the  author  concluded  by  stating  what  he  believed  to  be  the  degrees  of  ath- 
iiity  existing  between  the  various  forms,  as  far  as  coidd  be  asceitained  from 
the  consideratiou  of  the  appeudicular  skeleton  exclusively. 

January  \7, 1867. 

WILLIAM  SFOTTISWOODE,  Esq.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read  i-^ 

I.  Actiuometrical  Observations  among  the  Alps,  with  the  Descrip- 
tion of  B  new  Actinonictcr."  By  the  Rev.  GiionnE  C.  Hodokin- 
tON.  In  a  Letter  to  Professor  Stokes,  Sec.  B.S.  Communicated 
by  Professor  Stokes.   Received  December  2, 1866. 

Sir, —  I  have  the  hoikuur  to  forward  you  an  account  of  some  actiuome- 
trical ub.vcrvations  made  Inst  summer  on  the  summit  of  Mout  Blanc  and  at 
("lianiuiiix,  and  at  the  saiac  lime  to  thank  the  Committee  of  the  iioyal 
t)Ocietj  for  the  graut  which  they  were  so  good  as  to  vote  me  for  that  object. 

I  reached  Chamonix  on  tlie  7th  of  July,  in  bad  weather,  which  had  been 
prevailinG-  for  some  time,  but  \\  hicii  ushered  in  a  line  week  very  opportunely 
for  my  work.  After  allowing  u  few  days  for  the  weather  to  settle  and  for 
the  snow  to  couboUdatc,  I  left  Chamonix  in  the  afternoon  ofl'  riday  the  13th 
for  the  Glands  Mulets,  having  previously  ai  rau^ed  for  a  corresponding 
series  of  observations  being  taken  the  next  nioriimg  in  the  valley.  Leav- 
ing the  Grands  Mulets  at  about  2^  a.m.  on  the  14th,  I  reachid  the  summit 
of  Mont  Blanc  about  8  a.m.,  and  proceeded  at  once  to  woi  k. 

1  had  brought  with  me  from  England  two  ut  Newman's  mountain-baro- 
meters, a  therraobarotncter  of  Casella,  sue  small  thermometers  graduated  on 
the  stem  (three  for  tiie  dry-,  and  three  for  the  wet-bulb  obsen ations), 
three  of  the  tubes  described  in  Aj)pendix  (A),  \sii\\  two  of  the  actinometers 
iu  each.  1  carried  besides  an  aneroid  by  Cooke,  which  pruved  to  be  of 
excellent  quality.  The  third  set  of  apparatus  was  taken  in  some  faint  hope 
that  I  might  be  able  to  arrange  for  a  third  set  of  simultaneous  readings  at 
the  Grands  Mulets.  In  this  I  was  disajipomted.  Notwithstanding  the 
greatest  care  had  been  taken,  one  of  the  barometers  ^^  H^  fuaud  on  the  Bre- 
vent  on  the  9th  to  be  deranged,  and  one  of  th<*  actinometers  to  be  broken  ; 
and  on  the  12th  a  second  actinometer  was  broken  at  Chamonix  by  an  acci- 
dent. I  thought  it  best  to  leave  the  remaining  barometer  for  the  valley 
observations,  and  to  depend  upon  the  thcnuobarometer,  as  being  more  por- 
table and  less  liable  to  fracture,  for  the  readings  on  the  suuimit.  I  was 
eventually  obliged  to  rest  satisfied  with  a  single  observation  of  this  ,  and 
thb  downward  range  of  the  small  thermometer  unfortunately  proved  too 
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limited  for  the  wet-bnlb  leadings.  Thai  Che  meteorology 
at  the  upper  itation  are  of  the  scantiest.  Neither  above  nor  bdow  were 
the  aetinottietrieal  readings  so  continvons  as  I  had  wished  to  nuke  them.  I 
had  no  one  with  me  on  the  snmmit  eapable  of  rendering  me  the  smallest 

assistance  ;  bnt  it  is  some  consolation  to  think  that,  even  had  this  been 

otherwise,  the  results  could  not,  under  the  circumstances,  have  been  mate- 
rially enliaitced. 

There  cither  did  not  exist,  or  I  failed  to  dcLcLL,  as  the  sun's  altitude 
increasctl,  anything  like  a  uniform  progression  of  actinic  iiowcr  ai  either 
station  during  the  limited  (inie  in  which  the  observations  were  continued. 
.  The  results  do  httlc  more  than  determine  the  ralio  of  the  average  iateu- 
sity  at  the  two  slaLions  for  a  jiortiou  of  the  forenoon.  This  indeed  was  the 
main  object  wliich  I  had  in  view.  For  looking  jit  the  experience  of  Prin- 
cipal Forbes  nnJer  easier  <  (ni  lifions,  when  the  continuance  of  the  observa- 
tions, a3  long  as  tlie  cli  rmicssot  the  bky  unght  last,  presented  uo  dithculty, 
I  did  not  at  all  anticip  itc  being  able  to  trace  a  dependence  of  the  actinic 
power  on  the  hygrometric  state  of  the  atmosphere.  He  thus  remarks 
(Bakerian  Lecture,  Phil.  Trans.  j)art  2  for  IS  I'i,  p.  2r>3)  of  the  exi)crimeuts 
on  the  Faulhorn  and  at  Brienz,  that  it  cannot  be  atlirmed  they  are  S!?fli- 
cient  to  show  the  kind  of  dependence  which  the  opacity  has  on  the  damp- 
ness, and  that  the  values  of  the  coefficient  of  extinction  do  not  present  any 
correspondence  with  the  hygroraetrie  variations  ;**  and  again,  p.  268,  "  It 
must  be  confessed  that  no  evident  relation  to  the  hygrometrie  condition  of 
the  air  appears  in  the  individual  observations.'* 

from  the  experimeats  of  the  1 4th  of  July  the  actinic  ratio  between  the 
summit  of  Mont  Blanc  and  Chamonix,  from  Q''  31'°  to  lOMl*"  apparent 
time,  presents,  with  a  single  exception,  a  gradual  decrease  from  1*244  to 
I '206.  The  interest  of  a  comparison  of  these  results  w  ith  those  which 
Principal  Forbes  obtained  between  the  Faulbom  and  firienz  is  unforta- 
natelj  diminished  by  the  fact  that  his  actinometer  was  not  famished  with 
an  internal  thermometer  for  ascertaining  the  temperature  of  the  liifoid 
employed.  This  was  ammomo-snlphate  of  oopper»  whieh  has  a  coefficient 
of  diktation  vaiymg  Irom  1  at  $0°  to  2'562  at  32^  F.,  and  0*626  nt 
100°  F.  Hia  recorded  nnmbers  for  three  hours  before  and  three  homn 
after  a|iparent  noon  derived  horn  hia  fieehand  enrre,  are  as  follows : — 

Hew.  Balio^ 

9    M41 

10    1-214 

11    1*345 

12   w  1-219 

1   1*078 

2    1*207 

3    1-217 

At  10''  on  the  FauUiorn  the  ratio  seems  to  have  been  ra])idiy  increasing; 
on  Mont  Blanc  it  was  slowly  diminishing.  The  actual  amount  of  the 
ratio  at  10^  is  almost  exactly  coincident  in  the  two  cases;  but  at  1 1*"  on  the 
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Faulhorn  it  was  1*345,  a  value  mucll  higher  than  any  whi^h  was  obtnincil 
at  any  time  on  Mont  Blanc,  or  seemed  likely  to  bare  been  obtained  at  that 
hour  had  the  observations  been  continuc  ti  so  lung.  What  share  the  greater 
depression  of  the  lower  station  in  the  c\j)Lriments  of  1832,  the  more  com- 
plete isolation  of  the  u|ipcr  station'^in  those  of  1860,  or  variable  atmospheric 
conditions  in  both  pets  may  severally  have  had  in  contributing  to  this  cl]\  ct, 
remniiis  a  matte  r  tor  future  iufestigation.  The  respective  heights  of  the 
atationa  are  aa  follows : — 

Englbh  ft.  English  ft. 

  8799  f  jjiff„e«»  6853 

Brieu   1946/ 

Mont  Blanc  ....  n:8t\  Da^CTee  12369 

Cnaraonix    3425  J 

Professor  Forbes  gives  the  numbers — 

Bnenz   1903  J 

The  iky  daring  the  obserratioiis  was  not  onlj  dondlesi,  but,  aa  seen  from 
the  rammit,  remarkably  clear. 

The  observations  have  all  been  rednced  by  means  of  Tables  derived  from 
Qmelin's  'Chemistry/  toI.  i.  p.  231,  to  what  they  would  have  been  had 
the  mean  temperature  of  the  liquid  during  each  minute  been  32? 

By  A  probng^  and  careful  comparison  of  actinometers  (K)  and  (A)« 
the  factor  for  redudng  the  indications  of  (K)  to  the  standard  of  (A)  was 
found  to  he  1'29. 

Considflvable  practice  is  necessaiy  to  acquire  expertness  in  the  use  of  the 
acCinometer  employed.  It  is  'desurable«  as  nearly  as  may  b^  to  work  it  at 
such  a  temperature  that  the  rise  in  the  sun  may  be  equal  to  the  fall  in  the 
shade*  If  the  mean  of  the  two  mean  temperatures  of  the  liquid,  in  taking 
the  shade  obsenratbns  which  precede  and  foUow  a  given  sun,  difier  much 
from  the  mean  temperature  of  the  liquid  during  that  sun,  a  sensible  error 
will  be  introduced.  This,  however,  is  to  a  great  extent  eliminated  by  taking 
the  mean  of  threes  and  stiil  more  completely  by  taking  the  mean  of  five 
sucoeasiTe  actimc  results  in  column  (I). 

The  difficulty  of  usmg  the  bstniment  was  OTercome  the  kind  coope- 
ration of  seTcral  friends  for  the  Chamoniz  obsenrations.  To  the  good 
offices  of  my  cousin,  Mr.  6.  F.  Hodgkinson,  were  added  those  of  a  lady,  a 
worthy  sister  of  one  of  the  foremost  mathematicians  of  his  year,  and  her  two 
nieces.  Under  her  auspices  an  admirable  arrangement  of  the  work  was 
rnailc,  bv  wliich  each  of  the  party  was  responsible  for  a  precise  and  definite 
fiHictioii,  the  adjustment  aud  direction  of  the  Ine^trument,  with  the  i^hading 
and  unshading,  the  watch,  the  readings,  and  tlic  ncords.  To  this  friendly 
and  eihcient  help  I  am  greatly  indebted  for  wliatever  success  has  been 
achieved.  How  small  this  is,  no  one  cm  be  more  sensible  than  myself; 
yet  I  venture  to  hope  tliat  when  the  difhcnlty  of  the  undcrtuking  i^s  con- 
sidered, to  those  at  least  who  are  acnuamted  with  the  experience  of  Prin- 
cipal Forbes  in  1832,  1841,  and  1842,  as  given  iu  his  Bakeriau  Lecture, 
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the  results  will  not  appear  either  disappointing  or  discouraging.  The 
season  was  extroTnely  unfavourable  for  the  further  prosecution  of  the  work. 
Looking  to  the  imperfection  of  the  instrument  emplored  by  Principal 
Forbes  in  his  observation^!  in  IS.'Vi,  it  would  seem  to  be  highly  desirable 
that  his  experiments  on  the  column  of  air  between  tbp  Faulhorn  and 
Brienz  should  be  repeated,  and  that  other  pairs  of  stations,  iuterniediate 
in  character  to  that  and  the  Chamonix  pair,  should  be  essayed.  I  haTe 
selected,  in  the  hope  of  future  opportunities,  the  following;  among  others : — 

English  ft.  Bnt^h  ft. 

BeecadiNona   10384  1  Difference  8415 

Aoato    1969/ 

and  should  the  Piz  Stella  prove  readily  accessible, 

P'''.^'^"" Difference  9856 
Cniauexma   •  •     lal9  J 

While  rimnltoneouB  obsemtions  at  serenl  adjacent  stotions  of  progrea- 
me  hdghts  are  mnch  to  be  desired,  it  shoold  not  be  forgotten  how  largdj 
the  condition  of  aimnltaneonsnesB  at  even  onlj  two  atationfl  adds  to  the 
diffienlty  of  the  work.  And  the  question  arises,  whether  detached  readings 
of  the  actinometer  (with  the  accompanying  meteorological  facts)  taken  at 
yarions  points»  u  opportunity  offers,  may  not  be  encoarag^d  with  advan- 
toge.  An  accumulation  of  these,  careftdlj  reduced  and  tabulated,  could 
hardly  fail  to  be  Taluable ;  and  they  may  be  obtained  with  comparattTe 
ladli^.  It  would  indeed  only  be  prosecuting  these  observations  as  we  do 
those  of  atmospheric  temperature  and  pressure.  In  process  of  time  we 
might  hope  to  Obtain  the  mean  actbie  power  at  stotkma  of  mions  heights 
and  circumstance  for  different  altitudes  of  the  sun. 

Since  the  scale  of  each  actinometer  is  empirical,  in  order  that  observa- 
tions with  different  instruments  may  be  comparable,  a  standard  of  reference 
is  necessary.  If  such  a  standard  were  kept  at  Kew,  and  each  instrument 
employed  were  marked  with  a  factor  of  reduction,  ascertained  by  careful 
comparison,  a  great  cnconra2:cmcnt  would  be  afforded  to  actinometrv  ; 
nor  can  any  material  progress  in  that  department  of  observation  be  looked 
for  until  some  such  arrangement  is  made.  The  ao*ino-standard  of  Sir  J. 
Ilerscbel  can  hardly  be  said  now  to  have  been  preserved;  to  recover  it, 
a  careful  set  of  observations  under  a  vertical  sun  would  be  uecessarv  ; 
and  since  an  arbitrary  standard,  which  may  be  assijj;nc(l  ^vithout  any  s^uch 
trouble  will  answer  every  purpose,  it  seems  best  at  once  to  resort  to  this. 

I  would  venture,  in  conclusion,  to  couple  with  my  thanks  to  the  Com- 
mittee for  their  kind  encouragement,  an  earnest  recommendation  that  mes- 
sures  be  taken  to  provide  a  standard  actinometer  accessible  for  comparison, 
under  such  regulations  as  may  seem  best  to  them, 

I  have  the  honour  to  be.  Sir, 

Tour  obedient  Servant, 

Gborgs  C.  Hodgkinsok. 

Novratber  27, 1866. 
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Summit  of  Mont  Blanc,  July  14,  1866,  Actinometer  (K). 
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The  record M  numbers  denote  tenths  of  the  scale  which  is  divided  to 
miiUmetres,  the  last  figure  being  aarigined  bjr  estimation. 
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The  recorded  numbers  denote  tenths  of  the  scale  which  is  uiv  iikd  to 
millimetres,  the  last  figure  being  assigned  by  estimation.  The  numbere  in 
cnlurnn  L  are  the  menns  of  tlie  five  nearest  numbers  in  the  preceding 
column  when  not  less  than  two  observations  precede  and  follow  the  one 
n<;uinst  vrhicb  the  average  number  is  placed,  otherwise  the  meaa  of  the 
three  nearest  numbers. 
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Compmon  of  Besults,  Smnmit  of  Mont  Blanc  and  Chamonix. 
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Meteorological  Obsemtions  od  summit  of  Mont  Blanc  and  at  Cbamonix, 

Jitlj  14,  1866. 
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Appendix  (A). 

Descrij^tion  of  the  Actinometer, 

The  actinometer  employed  consists  of  a  thermometer  with  a  apherical 
bnlb  one  inch  in  diameter,  and  a  tube,  of  which  an  inch  and  a  half  next  the 
bulb  vtp  for  a  reason  which  will  presentl/  be  apparent,  left  unsealed.  The 
succeeding  ten  inches  is  made  to  represent,  as  nearlj  as  may  be,  the  range 
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rruiii  10'  F.  to  45°  F.    At  eleven  inches  and  a  half  from  the  bulb  the  tube 
is  widened,  so  that  the  foUowing  inch  and  a  half  may  represent  the  range 
from  15^  F.  to  115°  F.    The  tuhe  then  finishes  in  a  spheroidal  ciiamber,  of 
ifvhieh  the  diameters  are  about  an  inch  and  half  an  inch.    The  widened 
portion  of  the  tube  may  be  dispensed  with,  as  the  correction  which  it  serves 
to  ascertain  may  ho  otherwise  found  by  means  of  a  Table  experimentally 
constructed  for  each  instrument.    In  that  case  tlie  spheroidal  chamber,  in 
'which  the  tube  will  then  ti  i  fnin  ite  at  eleven  and  a  half  inches  froui  the 
bulb,  should  be  made  souk  what  larger.    The  fluid  employed  is  alcohol 
coloured  with  a  drop  of  pure  lunliiuj  blue.    A  considerable  quantity  of  air 
is  left  in  the  chamber.    As  a  running  coIueuii  has  to  be  read  at  a  particular 
instant,  ^reat  plaiimess  is  the  first  requisite  for  the  scale.    On  tliis  account 
{graduation  ou  the  tube  has  not  been  a  lo]  ted  ;  but  at  an  inch  and  a  half 
ironi  tlie  bulb  is  attached  an  ivory  scak,  nine-tenths  of  an  inch  broad  and 
eleven  and  a  halt  mches  long  (or  somewhat  less  if  the  widennl  tube  be  dis- 
pensed with),  its  other  extremity  cuiiiLidnig  with  the  corameueement  of  the 
spheroidal  chamlm ,    This  scale  is  graduated  throughout  in  millimetres. 
The  number  of  rnilliuietres  corresponding  to  each  degree  Fahr.  on  the  tube 
of  narrow  bore,  and  to  every  fifth  degree  from  45°  to  1 15°  on  the  widened 
tube,  should  be  noted  on  the  back  of  the  scale. 

The  principle  of  the  instrument  is  the  same  as  that  ol  Sir  J.  Ilerschel's ; 
and  it  is  to  be  worked  according  to  the  directions  given  by  him  in  '  The 
Manual  of  Scientihe  i^ui|iury.'   It  was  devised  for  mountain  use,  where  the 
weight  of  the  Ilerschel  and  tiie  frnfxility  of  its  internal  thcrnwrneter  are 
elements  of  difficulty.    It  has  also  liic  advantage  of  beinr>;  less  costly.  The 
air-elianiber  is  made  to  ser\'e  the  purpose  of  the  screw  in  the  Ilerschel,  viz. 
that  of  alteriug  at  will,  according  to  circumstances,  the  rausre  of  the  ther- 
mometer.   This  is  effected  by  throwing  off  into  the  c  iiamber  a  greater  or 
less  quantity  of  tluid,  rLiuining  it  there  by  holding  the  instrument  with  the 
chamber  end  souiewiiat  lower  than  the  bulb,  and  working  with  the  remain- 
ing column.    As  alcohol  expands  unequally  between  its  freezing-  and  boiling- 
points,  a  small  correction  is  necessary,  depending  on  the  temperature  of  the 
alcohol  at  the  time  of  working,    Tliis  temperature  is  ascertained  by  noting 
the  point  in  the  widened  tube,  at  which  the  column  stands,  when  the  fluid 
is  thrown  off  into  the  chamber.    The  excess  of  this  temperature  above 
15°  F.,  the  point  from  which  the  fluid  is  thrown  off,  has  to  be  added  to  tlie 
temperature  between  lO*^  and  15°  shown  by  the  head  of  the  workinrr  euluuni, 
in  order  to  have  the  true  temperature.    From  the  oponness  of  tlie  scale, 
and  consequent  small  raniro  of  the  instrument  for  any  one  a'ljuHtment,  it  is 
necessary  to  select  for  working  a  temi)crature  not  much  removed  from  that 
at  which  the  rise  in  the  sun  is  equal  to  the  fall  in  the  shade.   This  tempe- 
rature, w  hich  may  he  called  the  tcmpprntnre  of  equilibrium,  will  varvprnc- 
tically,  according  to  the  solar  iiitciibitv,  lioin  some  5°  F.  to  20^  F.  al)ove 
the  tenijx  ijiture  of  the  surroundiug  intlueuces.    By  driving  the  lluid  into 
the  chamber  until  the  temperature  of  equilibrium  is  represented  at  a  point 
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netr  the  middle  of  the  tnbe,  the  mdinge  wOl  go  on  fbr «  ooiM&temble  tnt 
without  Altering  the  quantity  of  fluid  in  the  ehtmhcn  and  tea  mdMt^ 
graduation  are  found  to  he  ample  under  all  ctieumttanoeB,  B j  than  taUag 
all  the  readings,  so  to  speak,  on  the  balance,  a  nnifonnity  of  proceediag 
is  secured,  which  is  not  without  its  value*  The  instnnnent,  eoostnirted 
aocordmg  to  the  dimensions  here  given,  will  denote  the  intenaity  of  As 
noonday  sun  at  the  summer  solstice  near  the  sea^lerel  in  Englaiid  bj  aboat 
100  divisions  of  the  scale* 

Owing  to  the  difficulty  of  shading  eatisfiietorily,  and  aaoBuUaa  found 
to  occur  in  ofasening  among  the  snow-^elda  on  the  high  ercsia  of  tkt 
Alps,  the  following  contrivance  has  been  adopted : — 

A  plain  tclescope-tuhe  of  bright  metal,  18  inches  long  and  2^  indiea  la 
diameter,  open  at  both  ends,  is  pierced  in  its  central  section  with  a  dreakr 
hole  li  to  1^  inch  in  diameter,  from  which  springs  a  flanged  ahonlder 
projectini;  about  ^  inch  to  receiTC  a  perforated  split  bung,  which  clasps  the 
thermonietcr-suia  and  holds  the  bulb  firmly  iu  the  centre  of  tho  axis  ui 
the  tube.  Two  caps,  fittrd  at  the  ciuIf  \\itli  clean  plate-glass,  arc  made 
to  slide  off  aud  on  at  the  two  ends  to  .uhnii  of  the  glasses  being  readily 
wiped.  By  protecting  these  with  a  little  wadding,  the  tube  serves  as  a 
case  for  two  actinometcrs.  In  the  central  section  of  the  tube,  made  bj  & 
plane  perjH'ndicular  to  its  axis,  and  nearly  90^'  from  the  centre  of  the  cir- 
cular hole,  is  a  screw  to  attach  the  tube  to  an  altitude  and  azimuth  motion, 
by  means  of  whicli  it  may  he  kept  constantly  directed  towards  the  sun. 
Below  the  joint  U  provided  means  of  nttf  chmont  to  an  alpenstock  or  ice- 
axe.  The  hhaduij^  is  effected  by  means  of  a  loose-fittinG:  cri]>,  hotLomcd  br 
a  chamber  with  air-holes.  The  shadow  of  the  large  thcrmometcr-bulh  m 
the  lower  irlass,  or  on  a  plane  held  beneath  it^  is  a  guide  to  a  perfect  ad- 
justment iu  the  working  of  the  instrument. 

II.  "An  Eighth  Memoir  on  Qualities."    By  Professor  A,  Catut, 

F.R.S.    Received  Jannaiy  8,  1867. 

(Abstract.) 

The  present  memoir  relates  mainly  to  the  binary  quintic,  continuing  the 
investigations  in  relation  to  this  form  contained  in  my  Second.  Third,  and 
Fifth  Memoirs  on  Quantics ;  the  investigations  which  it  contains  iu  relation 
to  a  quantic  of  any  order  arc  given  with  a  view  to  their  application  to  tJha 
quintic.  All  the  invariants  of  a  hinary  quintic  (viz.  those  of  the  degreca 
4t  S,  12,  and  18)  are  given  in  the  menoiis  abore  referred  to,  and  alao  the 
cpvariants  up  to  the  degree  5 ;  it  was  interesting  to  proceed  one  step 
further,  viz.  to  the  coTariants  of  the  degree  6  s  in  fact,  while  for  the  degree 
5  we  obtain  three  corarianta  and  a  smgle  syiygy,  for  the  degree  6  wo  ob- 
tain only  two  covariantSy  hut  as  many  as  scron  ayaygies.  One  of  theae  i8» 
however,  the  sysygy  of  the  degree  5  multiplied  into  the  qmntio  itsdf,  ao 
that,  excluding  this  derived  qraygy*  there  remain  (7— Is)  sixiyaygiea 
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of  the  degree  6.  The  determinatioii  of  the  two  covariants  (Tables  S3  and 
84  post.Jt  and  of  tlie  syzjgies  of  the  degree  G,  occupies  the  commen ce- 
ment of  the  present  memoir.  The  remainder  of  the  memoir  is  in  a  great 
measure  a  ref)roduction  (with  various  additions  and  derclopmcnts)  of  re- 
searches contained  in  Prof.  Sylvester's  Trilogy,  ainL  in  a  recent  memoir  hy 
M.  TTerniite*.  In  particular,  I  establish  in  a  more  general  form  (de- 
fining for  that  purpose  the  functions  which  I  call  "  Auxiliars  **)  the  theory 
which  is  the  basis  of  Prof.  Sylvester's  criteria  for  the  reality  of  the  roots 
of  a  quintic  equation,  or,  say,  the  theory  of  t  he  determination  of  the  cha- 
racter of  an  equation  of  any  order.  By  way  of  illustration,  I  first  apply 
this  to  the  quartic  equation  ;  and  I  then  apply  it  to  the  quintic  equation, 
following  Prof.  Sylvester's  track,  but  so  as  to  dispense  altogether  with  his 
amphigeiiottB  surface*  makiag  the  investigation  to  de])end  solely  on  the 
discussion  of  tlie  bioom  curve,  which  is  a  principal  section  of  this  surface. 
I  explain  the  new  form  which  M.  Hermite  has  given  to  the  Tschirnhnnsen 
transformation,  leading  to  a  transformed  equation,  the  coefficients  whereof 
are  all  mvariants;  and,  in  the  case  of  the  quintic,  I  identify  with  mjr 
Tahles  his  cuhicovariants  0^  {^,y)  and  0^'>2/)*  And  in  the  two  new 
Tables^  85  and  86, 1  give  the  leading  coefficients  of  the  other  two  cubi- 
COTiriants  (x,  y)  and  {x,  y).  In  the  transformed  equation  the  second 
term  (or  that  in  ^)  Tanishes,  and  the  coefficient  ^  of  ^  u  obtained  as  a 
qnadria  function  of  four  indeterminates.  The  discussion  of  this  form  led  to 
criteria  for  the  character  of  a  quintic  equation,  expressed  like  those  of 
Prof.  Sylvester  in  terms  of  invariants,  but  of  a  different  and  less  simple 
form ;  two  such  sets  of  criteria  are  obtained,  and  the  identification  of  these 
and  of  a  third  set  resulting  from  a  separate  inrestigation,  with  the  criteria 
of  Prof.  Sylvester,  is  a  point  made  out  in  the  present  memoir.  The  theory 
is  also  given  of  the  canonical  forms,  which  is  the  mechanism  by  which 
M.  Hermtte's  investigations  were  carried  on.  Hie  memoir  contains  other  in- 
Testigations  and  formulse  in  relation  to  the  binary  quintic ;  and  as  part  of 
the  foregomg  theory  of  the  determination  of  the  character  of  an  equation, 
I  was  led  to  consider  the  question  of  the  imaginary  Imear  transformations 
which  give  rise  to  a  real  equation :  this  is  discussed  in  the  concluding  arti- 
cles of  the  memoir,  and  in  an  annex  I  have  given  a  somewhat  ringnlar 
analytical  theorem  arising  thereout. 

*  Sylvester  "On  the  R^al  and  Imaginary  Roots  of  A]<r«l)raii*al  Equations;  a  Trilogy," 
Phil.  Tiniis.  tcliv.  {\si\4)  pp.  !j79~m',  TTerraite,  ''Sur  rKquntion  du  6*  D(?gr6,' 
Comptcs  Bendui,  t.  hcL  (166G),  and  in  a  separate  form,  Paris,  1606. 
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January  24, 1867. 

Lieut.-General  SABIN£,  President,  in  the  Chair. 
The  folbwing  oommunicadons  were  read : — 

I.  "  Oa  a  New  MetLKxl  of  Ciilculating  the  Statical  Stability  of  a 
Ship."  By  C.  W.  ^I)  inni  ield,  F.R.S.,  Principal  of  the  Royal 
School  of  Naval  Architecture.    Received  January  15,  lb67. 

The  time  required  for  the  ealcujatioaa  of  the  stability  of  ships  has  prac- 
tically restricted  the  ordinary  draughtsman  to  the  use  of  the  metaoentre. 
This  implies  that  the  locus  of  the  centres  of  buoyancy  cuts  the  transrerae 
midship  plane  in  a  curve  which  may  be  treated  as  a  circle ;  and  this  a 
only  true,  in  general,  for  very  small  limits  of  inclination.  In  some  parti* 
cular  cases  it  has  been  felt  desirable  to  supplement  this  by  computhi*;  the 
moment  of  stability  at  some  definite  angle  of  inclination,  by  means  of  the 
"ins  and  outs/'  or  immersed  and  emersed  wedges.  But  this  has  only 
been  applied  to  one  selected  inclination,  generally  of  10^  or  14°  j  and  owing 
partly  to  this,  and  partly  to  the  very  scant  time  left  available  to  the  skilled 
draughtsman  or  calculator,  this  has  never  been  a  part  of  the  ordinary  work 
of  the  computation  of  a  sliip's  (piaiititiis.  For  this  reason  it  becomes  of 
great  consequence  to  find  some  method  of  gettin<r  at  the  stability,  with  an 
amount  of  extra  work,  which  should  not  exceed  ihuL  ut"  the  ordinary  sheet 
known  as  the  "sheer-draught  calculation*'*. 

A  method  has  occurred  to  me  by  which,  as  I  think,  this  object  may  ho 
attained.  Upon  cuaierriiig  witli  some  of  my  studentst,  who  have  sug- 
gested and  removed  certain  difHcnlties  of  detail,  wr  tiiink  we  see  our  way, 
by  an  easy  calcuiation,  to  place  the  whole  account  of  a  ship's  statical 
stability  in  the  hands  of  any  pcrison  who  understands  simple  equilibrium, 
eitiier  in  an  al^ehraical  or  geometrical  form,  as  he  may  prefer. 

It  will  take  some  time,  with  my  present  occupations,  to  i)repare  detailed 
examples.  But  as  the  method  is  complete  in  respect  of  principle*  I  have 
thought  it  best  to  hring  it  at  once  before  tl)e  Society. 

The  fundamental  assumption  is,  that  the  locus  of  the  centres  of  buoyancy 
can  be  sufficiently  rejiresented  hy  a  conic.  The  stahility  is  then  measured 
by  the  perjx'ndicular,  from  the  centre  of  actual  weight,  on  the  normal  due 
to  the  iiK  Il  lation.  The  chief  step,  therefore,  is  to  find  the  conic,  of  which, 
I  may  remark,  ire  already  know  the  vertex,  and  the  tangent  and  curvature 
at  the  vertex  j  for  these  are  given  by  the  ordinary  calculation  of  the 
centre  of  buoyancy  and  the  metacentre.  Now  I  observe  that  the  conic  is 
completely  determined  if  we  can  find  the  length  of  another  radius  of 
curvature  corresponding  to  a  known  inclination.  This  is  obtained  by 
finding  the  moment  of  inertia  about  one  of  its  principal  axes  (longitudinal) 

•  See  '  Ship-buildipg,  Theoretidal  and  Fraotioa,'  bj  Watts,  Baatine,  Barne«,  and 
Kftpicr,  p.  40,  for  the  BfaMv-dmight  Cfcloultitkm  oonuxKmJj  tued  in  thu  oouniry. 
t  Meim.  PwrtimiB,  Bdfw,  JTolm,  and  White. 
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of  the  phne  of  floatotbn  st  the  indination,    Thu,  divided  by  the 
unaltered  displacement,  giyea  the  radius  of  curvature  required. 

But  the  chief  praetieal  difficulty  lay  in  finding  the  means  of  drawing  an 
inclined  water-line  across  the  body  plan,  so  as  to  give  an  unaltered  dis* 
placement*  This  I  have  at  length  ancoeeded  in  overcoming^  as  follows. 

The  sheer-draft  calculation  gives  us,  inter  aUa,  the  areas  of  the  level 
seetionSy  belonging  to  the  upright  position,  as  rectangles.  Now,  if  we 
make  one  aide  of  each  of  these  equal  to  the  length  of  the  ship,  their 
breadths  form  a  series  of  ordinates  for  a  carve  of  mean  section ;  that  is  to 
Bay,  the  transverse  section  of  a  cylindrical  body,  of  which  the  displace- 
ment at  any  level  immersion  will  be  the  same  as  that  of  the  ship.  We 
then  make  out  a  scale  of  displacement  for  this  section  at  various  immer- 
sions, for  a  selected  inclination,  taking  care  to  measure  the  immersions  on 
the  middle  line  of  the  original  body  plan.  By  this  means  the  finding 
of  any  water-line  at  the  selected  inclination  is  reduced  to  a  problem  of  plane 
geometry ;  and  it  ia  obvious  that  the  place  of  the  water-line  so  found  will 
be  a  very  dose  approximation  to  that  of  the  required  plane  of  floatation  in 
the  ship. 

The  calculations  are  aa  follows  :— 

1.  Take  oat  the  hotizontal  areas  from  the  sheer-draught  calculation,  and 
divide  each  by  the  ship's  length.  Set  them  off  right  and  left  from  a 
Tcrtical  line  at  their  preaent  Tcrtical  interval,  and  draw  a  curve  through 
their  ends. 

2.  Any  practised  draughtsman  will  have  little  difficulty  in  drawmg^  at 
sight,  an  inclined  line  of  floatation  which  shall  give  an  unaltered  immersed 
area  on  this  mean  section.  He  can  verify  it  by  measnriog  the  immersed 
and  emeised  trian^^  obtamed  by  his  first  guess,  and  make  the  correction 
doe  to  the  diflerenee^  if  they  do  not  agree. 

3*  In  atrictness,  the  more  accurate  oourse.would  be  this, — through  each 
of  the  vertical  stations  draw  right  lines  at  the  selected  angle.  Thence,  by 
Simpson's  rule,  form  a  scale  of  areas,  ending  at  .the  highest  inclined  water- 
line.  Use  the  vertical  interval  of  the  upright  displacement,  and  neglect 
the  cosine  of  the  inclination.  Then  divide  the  upright  displacement  by 
the  ship's  length  and  by  the  cosine  of  the  inclination,  and  find  to  what 
immersion  this  displacement  corresponds  in  the  scale  of  inclined  areas. 
But  this  is  needless,  unless  the  calcolations  have  to  be  made  for  different 
draughts  of  vrater. 

4.  Use  this  immersion  to  draw  the  inclined  plane  of  floatation  in  the 
body  plan. 

5.  Gdcttlate  the  area,  common  moment,  and  moment  of  mertia  of  this 
plane,  about  the  longitudinal  axis  formed  by  its  intersection  with  the 
original  plane  of  floatation,  upright. 

6.  Transfer  this  moment  of  inertia  to  the  longitudinsl  axis  passing 
through  the  centre  of  gravity  of  the  indined  plane  floatation. 

7<  Divide  the  moment  so  found  by  die  tUsplaoement.  This  will  give 
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the  radius  of  curvature  of  the  locus  of  the  centrea  of  buoyAOGy,  corre- 
sponding to  the  selected  inchnation. 

The  colli c  is  now  iinphcitlj  determined.  It  remains  to  show  what  use 
is  to  be  nuult"  of  these  data. 

Let     be  the  radius  of  curvature,  correspondmg  to  the  angle  Q,  made 

between  the  normal  and  axis  of  a  conic ;  ^then 


From  these  we  obtain 

^     -.-r*  («) 

■   (») 

p^p^l  sin*  a 

*   (0 

p^—p^  cos^0 

and  these  afford  the  means  of  cnlculatiug  oil  the  elements  of  the  conic. 
Now,  let  us  take  any  other  indinatbn  ^ :  we  may  calculate    from  the 

foregoing  value  of  ei*  by  means  of  the  formula 

p  L  -  (e) 

Now,  if  X  be  the  distance  of  the  centre  of  gravity  of  the  ship  below  the 
metacentre  of  the  upright  |)Osition,  and  p  the  perpendicular  from  the 
centre  of  graiity  on  the  normal  of  the  conic  in  tiie  inclined  poettion,  we 
shall  have 

/_  =  x+!!^i^/li»i>;  (/) 

Bia^  p^-{-p^CQ^f^ 

and  p  X  D  is  the  moment  of  stability,  D  being  the  diq)laoemenl. 

StiicLly,  it  is  only  iieccisfirv  to  use  the  forni\i];c  (  (e),  (/)  in  actual 
work.  Formula  (/)  shows  clcail)  how  lai  jiUcTat  iou  in  the  jjOiitiou  of  the 
weiglits  atTocts  tlie  stability.  If  X  he  altered,  the  altered  value  of  |i  is 
obtained  (^cuaictrically)  by  a  very  obvious  construction. 

In  Mr.  Scott  Kusseira  treatise  ou  *  Xaval  Arehitecture/  p.  604,  it  is 
shown  how  the  stabiUty  may  be  obtained  by  ^coiuetricai  construction  wheu 
the  conic  is  known. 

It  is  worth  while  to  remark  that  the  condition  that  the  conic  should  be 
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»  hjperboia,  a  parabola*  or  an  ellipse^  ia 

and  whether  the  ellipse  is  referred  to  iti  major  axii^  beeomei  a  tMe,  or  is 
niuM  to  its  minor  aadi^  depends  upon  whether 

Pt^f  =s,  or  >p  ; 
9  hifing  nij  viloe  whatever  within  the  limits  of  ooatintiity. 

It  is  to  be  obienred  that  this  method  only  nppUes  on  the  supposition 
that  there  is  no  abrupt  diseontinaitj.  The  immersioii  of  the  gonwah^  for 
instanee,  would  vitiate  It.  But  in  ordinary  ships,  experience  leads  to  the 
conclusion  that  a  oonie  would  be  a  veiy  accarate  representatbn  of  the  kens 
of  eenties  of  huojioflj  within  all  reasmiable  limits. 

I  have  not  waited  to  try  the  method  thnm^out  upon  a  speeiie  example. 
Baft  every  step  is  separately  well  known ;  most  of  the  steps  familiarly  so^ 
within  my  own  experienee.  My  eeftmcfe  of  theextimamoant  of  workii^ 
that  it  would  be  rather  less  than  would  be  involved  in  making  an  indepen- 
dent caknlatfam  of  the  ordinary  sheer-dranght  work.  I  shall  have  an  im- 
mediate opportmiity  of  verifying  this  in  my  school ;  but  I  wished  to  announce 
the  method  publicly  before  beginning  to  teach  it* 

II.  ''Transformation  of  the  Aromatic  Monamines  into  Acids  richer  in 
Carbon/'  By  A.  W.  UoFMANN,  LL.D.,  F.R.S.  Received 
Jannaiy  21, 1867. 

In  a  prcTioos  commnnicatton*  to  the  Boyal  Society  I  have  described 
the  formation  of  methen^idiphenffldiamme,  a  substance  which  I  obtained 
some  years  ago,  by  the  action  of  chloroform  on  aniline^  by  means  of  a  new 
method,  namely,  by  treating  a  mixture  of  phenylformamide  and  aniline 
with  trichloride  of  phosphorus* 

The  continuation  of  these  researches  necessitated  the  preparatioii  of 
phenylformamide,  and  later  also  of  tolylformamide  in  greater  quantities.  I 
have  repeatedly  obtained  these  bodies  by  the  action  of  formic  ether  on  the 
corresponding  monamine^  but  in  consequence  of  the  difficulties  with  which 
the  preparation  of  formic  acid  in  large  quantities  is  still  beset,  I  have  of 
late  returned  to  the  old  method,  viz.,  distillation  of  the  oxalate  of  the  mon* 
amine,  suice  I  found  that  by  empbying  the  materials  in  the  appropriate 
pioportionB»  the  formation  of  vety  laige  quantities  of  the  fonuyl  com« 
pounds  may  be  readily  accomplished. 

According  to  Gerhardt,  the  principal  product  of  the  distillation  of  the 
secondary  aniline-oxslate  is  dipkenfftoMunidet  pka^^rnumnde  being 
formed  only  as  by*product.  In  fact,  1  molecule  of  oxidic  add  and  2  mole* 
culcs  of  aniline  yield  almost  exclusively  diphenyloxamide  by  the  separation 
of  2  molecules  of  water  from  the  secondary  aniline-oxalate^  thus:<» 

*  PfOoeodiBgi  of  the  Bo^sl  Soeiety,  vo*.  xt.  p.  S5. 
VOL.  XV.  2  s 
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But  nothing  is  easier  than  to  change  the  conditions  of  the  experiment 
80  as  to  give  rise  to  the  almost  exclusive  forinatioii  of  phenylt<irtnai]7ide. 
Act  with  1  molecule  of  oxalic  acid  on  1  molecule  of  aniline  (or  evei\  with 
3  molecules  of  oxalic  acid  on  2  molecules  of  aailiue),  taking  care  to  give 
at  once  the  highest  posi5il)le  temperature,  and  phenylformamide  will  be 
nearly  the  only  product,  1  molecule  of  waUr  and  1  moleciile  of  cftfbonk 
acid  separating  from  the  primary  aniline  oiLaiate  at  first  fonue(i» 

C  HO 


H 


The  distillate  u  a  fluid  of  peculiar  odour»  which,  on  the  additiai  of  a 
liroDg  solution  of  caustie  aoda,  inmediatelj  aolidifles  to  the  cryttaUine  aoda- 
eomponnd  of  phenylformamide.  Thii  crude  product  ilwaya  oontaiaing 
a  quantity  of  aniline,  18  sufficiently  pure  for  the  preparation  of  metlwttyl- 
dipheoyldiamioe  previously  described  by  me.  It  is  only  neoetsary  to 
tieat  the  distillate  with  trichloride  of  phosphoms  to  obtain  tha  nethfoyi- 
oompound  hi  abundance* 

The  action  of  oxalic  add  on  aniline  at  a  high  temperature  g;i?es  rise, 
however,  to  quite  a  series  of  other  reactions  subordinate  to  the  principal 
changes,  but  atfecting  nevertheless  a  goodly  quantity  of  material.  Car- 
bonic oxide  Ss  observed  to  be  evolTed,  together  with  carbonic  acid,  dunug 
the  distillation.  It  is  the  result  of  two  secondary  processca.  In  the  first 
place,  phenylformamide  already  formed  splits  up,  according  to  the  aualogous 
decompoisitiuu  of  formamide,  into  aniline  and  carbonic  oxide^ 

CHO]  C.H/ 

an.  VN  =  H 

H 


N  +  CO; 


(CO)"  ] 

H.  J 


and  secondly,  diphenyloxamide  undergoes  a  trausformatlon,  previooaly 
pointed  out  by  me,  being  changed  into  diphenylcarbamide  with  separation 
of  carbonic  oxide, 

(C,0,)" 

(C.H,)JK,  +  CO. 

•  On  this  oceasioA  the  formation  of  the  latter  body  wss  once  more  satis- 
factorily proved  by  special  expeihnent  During  the  distillati  on  a  consi- 
derable qtiantity'of  a  crystalline  substance  saturated  with  oil  had  £^olidi6ed 
in  the  nedc  of  the  retort.  This  substance  was  purified  by  washing  with 
cold  and  recrystalliring  a  few  times  from  hot  alcohol ;  combustiou  showed 
that  it  was  pure  (lipluuylcarbamide. 

llic  crude  oil  obtained  by  the  distillation  of  ]  molecule  of  aniline  and 
1  molecule  of  oxalic  acid  contains,  further,  hydrocyamc  actdf  and  it  is  not 
difficult  lo  tAplaiu  in  a  satisfactory  manner  the  origin  of  this  compound. 
"When  the  distillate  is  heated  to  ebullition  with  conct  iitrated  hydrochloric 
acid,  an  oily  body  posses  over  with  the  steam.    This  oil  has  a  peculiar 
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odonTj  fcctlliiig  that  of  benaoiittrile^  and  exhibits  an  inclination  to  eiyi- 
laHise  $  it  ii  readily  proved  to  be  a  ni&tnre.  If  thii  snbatance  bo  boiled 
for  iomo  time  with  a  conoentiated  aoda-aolntion  in  alcohol,  it  partly 
diaaohea  irith  evolntion  of  aaimonla.  When  the  dnid  is  aiUowed  to  cool« 
after  ammonia  has  ceased  to  be  eroWed  and  the  alcohcl  distilled  off,  its 
anrface  is  finind  te  be  oovered  with  oily  drops,  which  after  a  thne  become  a 
erystaUtne  solid.  This  solidiflcation  is  instantly  prodnced  by  treating  the 
oil  with  a  small  quantify  of  cone«itrated  hydrochlorie  add.  "When  a  few 
drqis  of  strong  nitrie  acid  are  added  to  the  hydrochlarieilnld  in  whieh  the 
crystals  are  Hoating,  and  the  ndztnre  ia  then  gentiy  heated,  a  deep  blue 
eolonr  is  prodnced.  This  reaction  is  diaracteristic  of  diphenylmMiMt  with 
which  the  cryataUtne  body  perfectly  accords  in  every  respect.  It  cannot 
be  doobted  that  diphenylamine  is  produced  from  phenylformamide  as  n 
product  complementary  to  hydrocyanic  acid ;  1  molecule  of  phenjUbrm* 
amide  and  1  molecnie  of  aniline  contain  the  elements  of  1  moleenle  of 
diphenylamine,  I  moleenle  of  hydrocyanic  acid,  and  1  molecule  of  water. 


It  stfll  remains  to  girc  an  account  of  the  fluid  substance  formed  together 
with  diphenylamine,  which  had  disappeared  with  evolution  of  ammonia 
when  the  mixture  was  heated  with  soda-solntion*  Had  not  both  its  odour 
and  its  behaTiour  with  soda  pointed  to  heiuomtrUe,  all  doubt  of  the  for- 
mation of  this  body  would  have  been  removed,  when  npon  addition  of 
hydrochbric  acid  to  the  filtered  sodic  liquid  an  abundant  quantity  of  the 
purest  bensoic  add  was  separated,  the  nature  of  which  was*  moreover,  fixed 
by  an  analysis  of  the  silver-salt. . 

The  formation  of  bensonitrile  is  easily  explabed.  It  is  produced  by  a 
secondary  trsnsfermation  of  phenylformamide,  from  which  1  molecnie  of 
water  separates. 


The  trand^  of  phenylformamide  into  benionitrile  is  only  in  part 
accomplished  during  the  distillation  of  the  mixture  of  aniline  and  oxalic 
acid.  The  greater  portion  of  the  nitrile  is  evidently  formed  during  the 
treatment  of  the  crude  product  of  the  distiUation  with  hydroddoric  add. 

The  eonvttdon  of  aniline  Into  bensde  add,  an  add  richer  in  carbon  than 
this  base,  chdms  some  hiterest»  inasmuch  as  the  development  of  the 
manufacture  of  coal-tar  colours  places  the  aromatic  monamines  at  our 
disposal  in  abundant  quantity,  and  at  the  cheapest  price.  It  was  by  no 
means  improbable  that  some  of  the  adds,  already  kiiown,  might  in  thb 
manner  be  mofe  easQy  prepared  than  horetofete,  nor  was  it  doubfftil  that 
the  formatioii  of  many  new  compounds  could  be  Mcomplishcd  by  this 
.process. 
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I  have  therefbn^  in  the  fint  place,  endeavoured  to  establiali  the  gene« 
valt^  of  the  reaction  by  treating  tolmdine  in  a  similar  manner.  The 
phenomena  obsenred  when  a  mixture  of  1  molecule  of  tolnidine  with  1 
molecule  of  oxalic  aeid  ia  diatilled,  are  perfectly  analogous  to  thoae  preaenled 
hf  the  corresponding  experiment  with  aniline.  It  waa  not  neeesaatj  for 
the  purposes  of  the  iuTCStigation  to  trace  step  by  step  the  seyeral  pbaaea 
of  tiie  complicated  processes*  The  crude  distillate,  which  contained 
abundance  of  toljlformaTTiide,  was  therefore  immediately  heated  with 
strong  hydrochloiic  acid  and  submitted  to  distillation.  The  oily  substance 
which  distilled  over  with  the  water,  erolyed  ammonia  on  being  boiled  with 
soda-solution,  and  the  filtrate  from  the  insoluble  residue  yieldedt  xm  addition 
of  hydrochloric  acid>  a  Cfystallbe  acid  which  combustion,  as  well  as  analysis 
of  the  silver-salt,  proved  to  be  tolylic  acid.  Here  also  tolylformamide  pnt 
rise  to  tohmitnle,  from  which  tolylic  acid  subsequently  was  produced. 

CHOI 

c,H,  In  +  H,o  +  CO,. 


0,H,N  +  H,0, 

Severn!  varieties  of  tolylic  acid  are  known  to  exist,  and  it  can  scarcely 
be  doubtwi  which  of  the  isomeric  modifications  is  formed  in  this  case.  As, 
however,  I  intend  to  follow  this  reaction  somewhat  further,  I  ^haii  not  tor 
the  present  go  deeper  into  the  question. 

The  experience  collected  in  the  phenyl-  and  tolyl-series,  as  might  have 
been  expected,  has  also  been  confirmed  in  the  naphthyl-series. 

The  investigation  of  the  naphthaline  group  in  this  direction  npijcaicd 
more  particularly  interesting.  The  idea  nntnrally  snggested  itself  of  com- 
pleting this  group  by  taking  a(h  uutage  of  the  new  reaction  for  tljc  forma- 
tion of  a  series  of  coiiijioundji,  the  existence  of  which  had  long  been 
j>ointed  out  by  theory,  but  the  preparation  of  which  as  yet,  notwithstanding 
repeated  attempts,  liad  not  succeeded. 

Naphthaline,  the  most  common  product  of  the  action  of  high  tem]  era- 
tures  on  organic  bodies,  has,  sin2;ularly  enough,  not  as  yet  been  traced  to 
a  simple  reaction .  It  was  not  doubtful  that  the  hydrocarbon  would  in 
time  be  met  witli  as  the  result  of  the  splitting  up  of  an  acid,  holding  to  it 
a  relation  similar  to  that  wlndi  obtains  between  benzoic  acid  and  benzole. 

This  acid,  which  is  represented  by  the  formula 

is  in  fact  procurable  by  the  action  of  osalie  add  on  naphthylamloe^  tlw 
inonamme  of  naphthyl-series.  I  propose  to  ghre  a  detailed  account  of  this 
interesting  compound  and  of  its  deriratires  in  a  subsequent  commuaicatioB. 
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I  cannot  conetada  this  note  wttbont  eiprenmg  my  beat  tbanka  to  Mr. 
CJomelina  O'Snllivan  Ibr  the  awiBlanca  he  has  giren  me  dmh^  the  jier* 
Ibrmance  of  the  experiments  which  I  have  described. 

January  31,  18G7. 

Br.  W.  A.  MILLER,  Treasurer  and  Yiee-PresideDt,  in  the  Chair. 

The  foUowiug  commuuicauoji  was  read : — 

''On  the  Elimination  of  Nitrogen  by  the  Kidneys  and  Intestines 
daring  fiest  and  Exercise^  on  a  Diet  without  Nitr(^en.''  By 
E.  A.  Pabkbs,  M.D.^  F.B.S.   Beceived  January  2d^  1867. 

The  experiments  recorded  in  this  paper  were  undertaken  to  test  the 
resolts  arrived  at  by  Professors  Fide  and  Wislicenus«  with  respect  to  the 
elimination  of  nitrogen  daring  exercise  on  a  non-nitrogenous  diet,  as 
recorded  in  the  Philosophical  Magazine  for  June  1866  (Supplement). 

Although  these  results  are  supported  by  the  previous  experiments  of 
Dr.  Speck,  who  has  shown  that  if  the  ingress  of  nitrogen  be  restricted, 
bodily  exercise  causes  no,  or  a  very  slight  increase  in  the  elimination  of 
nitrogtii  l>y  the  iiiiiie,  it  appeared  desirable  to  careruUy  ripeat  all  the 
experiments,  not  only  because  the  ([nestion  is  one  of  great  importance, 
but  because  objections  might  be,  and  iaUeed  have  been,  reasonably  made 
to  the  experiments  of  Professors  Tick  and  AVisliccuus  on  the  ground  that 
no  sufficient  basis  of  comparison  between  periods  of  rest  and  exercise  was 
given  ;  that  the  pr  riods  were  altogether  too  short,  and  that  no  attention 
was  paid  to  the  jjos^ible  exit  of  nitrogen  by  the  intestines. 

In  making  the  experiments,  I  was  fortunate  in  being  |)crniittefl  to  use 
the  services  ot  two  perfectly  healthy  soldiers  belonging  to  tlie  Army  Hospital 
Corps,  and  doing  duty  at  the  Roynl  A'ictoria  Hospital  at  Netley.  When, 
soldiers  are  stradv  aud  trustworthy,  as  these  men  were,  fhcy  nre  cootl 
subjects  for  experiments  of  the  kind,  as  they  are  aecu^tonK  d  to  very  regular 
diet  and  occupation,  and  moreover,  from  their  habits  of  obedience,  carry 
out  all  instructions  with  great  precision.  The  satisfactory  results  of  my 
experiments,  as  shown  by  the  almost  perfect  agreement  in  the  effect  on 
each  man,  is  owing  essentially  to  the  very  great  care  with  which  these 
two  intelligent  men  carried  out  every  mle  which  was  laid  down. 

One  of  these  men,  S.,  is  an  admirable  example  of  an  average  man  ;  he  is 
22i|  years  oldj  5  feet-  8  inches  in  height^  weighs  close  upon  1 50  lb.a  is 
strong,  with  huge  hones  and  firm  muscles*  with  sufficient  hut  not  exces- 
sive fat ;  he  is  Ycry  temperate,  and  is  no  smoker.  He  has  never  been  ill  in 
his  life.  The  second  man,  T.,  is  also  a  perfectly  healthy  maot  ^d  has 
only  been  ill  twice»  once  in  China  six  years  ago  with  tertian  ague,  and 
about  thiee  years  ago  with  intermittent  hemieiauia.  But  he  is  in  sise  and 
weight  a  good  contiast  to  8.  He  is  36  years  of  age,  very  well  propor- 
iMned  and  aotiv^  bat  Is  only  5  feet  4  inches  m  height^  and  weighs  onl/ 
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1 12  lbs.  His  size  it  not  owing  to  any  imperfection  in  make  or  nutrition, 
but  to  the  fact  that  he  comes  of  a  small  race,  his  father  beiiip:  sn:all,  aai 
his  mother  remarkably  so.  He  has  small  bone^,  good  ikim  muscles,  but 
very  lillle  fat.    In  fact,  he  is  a  thiu  man. 

lu  the  following  experiments,  the  uuiounts  of  the  total  oitrogen  of  the 
urine  (by  sotla-lime),  of  the  urea,  of  the  chloride  of  sodium,  and  on  cer- 
tain occasions  of  the  phosphoric  and  sulphuric  acids,  were  determiaed. 
The  urea  was  determined  by  Liebig'a  solution,  the  chlorine  being  first 
eliminated,  the  phospiionc  acid  by  acetate  of  uranium,  the  sulphuric  add 
by  baryta  and  weighing. 

The  urine  was  collected  from  8  a.m.  to  8  a.m.,  and  great  car©  waa  taken 
not  to  lose  any,  and  to  pass  it  at  the  exact  time. 

The  amount  of  water.  so]ir!«3,  and  nitrog^  passed  £rom  the  bowels  were 

glso  dotermiiieil  on  s('\eral  cv^ca^ions. 

All  tlie  in^esta  were  most  t  arelullv  ^vei^beil  aii'.l  inea^-ured,  and  the  amount 
of  water  iu  the  crumb  and  crust  of  bread  and  iu  the  meat  was  determined. 
The  nitrogen  in  the  bread  was  also  determined,  bat  the  long  time  de* 
manded  by  the  other  procesies  prevented  a  complete  analysis  of  the  otliv 
food ;  this  was,  however^  %  natter  of  no  inportaaee  at  regarded  the  mm^ 
diatc  object  of  the  tnqiiiry* 

The  experiments  were  commenoed  on  December  6>  1$6(^|  and  votb  cqd> 
tinned  deily  till  December  23. 

Firtt  Period  of  ordinary  regulated  Diet  and  Occupatiom. 

.  The  men  were  firat  kept  nnder  obeerration  for  nz  dayi^  in  order  (a 
determme  tbe  rariations  in  vdgbt  and  in  the  exerata*  and  to  aee  if  the 
metamorphoiii  of  timne  appeared  to  be  healthy.  Thia  was  foond  to  be 
the  caae ;  in  fact»  more  completdy  healthy  nrinsry  and  intestinal  omofes 
oonld  not  be  conceiTed* 

The  weight  of  the  body  ranged  nearly  1  lb.  aToir.»  or  }  kilog*  nbofo 
and  below  the  mean  amount  in  each  man. 

The  daily  average  amount  of  food  and  drink  was  only  slightly  diflbreot 
in  each  man,  and  the  quantity  taken  iVom  day  to  day  was  very  unilbem. 

The  men  were  not  placed  on  ntiy  abaolnte  qusntityt  but  ate  aoeoKding 
to  appetite  within  narrow,  limits.  . .  ,  . 

ATemge  daily  amount  of  food  in'ovnoei  avoirdupois  in  this  period : — 


S  T 

Cooked  meat   7*625  7*625 

Biead   16-66  16*26 

Yegetableii — |  potstoe$,  \  cabbage   13*87  13 

Butter   I  I 

Tea,  including  3  oz.  of  milk,  and  1 1  oz.  sugar    ....  20  20 

Cutlec,  including  3  oz.  of  milk,  and  \i  oz.  sugar. ...  20  20 

Beer   15  U 

Water  ,   58  2*39 
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8.  took  abont  *5  oi.  nU  and  T.  about  *33,  eKolunre  of  lalt  in  food. 
Adding  tke  water  of  the  ao^lled  eolid  food  to  tke  water  taken  ai  drinki 
the  dailj  amount  of  food  wai»  in  grma,— 


s. 


TiN'uter-frcc  solids,  in  gniia*    662*2 

Wateo  ia  grms   2334  5 


T. 
2212-3 


TotBl  food  ingesta   29967  2822*5 

The  menn  weight  of  this  period  was  for  S.  677  kilogs.  and  for  T.  50*6 
kilogi.  The  ingress  of  solid  food  per  kilog.  of  body-n-eigbt  was  -978  and 
12  grms.  respectiTeljr*  The  amaller  man  eat  therefore  abeolutelf  rather 
less,  but  relatively  more. 

During  four  days  of  this  period  the  mean  dailj  urinaiy  eseretion  wa^ 
in  gnm.  and  eubic  eenttmetre^^ 


Quantify. 

Bp*  gr. 

Una. 

Nitrogen 
in  urea. 

Total 
nitroeen 
by  soda- 

lime. 

Non- 
ureal 
nitrogen. 

Chloride 

of 
sodium. 

T  

1335 

mm 

1020-5 

d5<001 

25-025 

16384 

12-008 

17*973 

13409 

i*«aB 

13I3 

14*23 

11685 

The  excretion  of  nitrogen  was  laa  ly  constant  from  dav  to  tlay,  the  range 
of  the  urea  being,  in  the  case  of  S.,  from  38*37  to  33  30  t^rms,,  or  be- 
tween 2  and  3  gnns,  above  and  below  the  mean  amount;  and  lu  the  case 
of  T.  from  27  68  to  24*906,  or  nearly  1  prm.  above  and  beiow  the  mean 
amount.    This  shows  the  daily  equality  of  diet  and  exercise. 

Calculated  for  body-weight,  the  amount  per  kilog.  ii 


tTm. 

Kit  rog^^n 
in  urea. 

1 

Total 
niirogpn. 

!*fnn. ureal 
nitrogen. 

•617 

•241 

•26& 

T.   

•512 

•230 

•205 

m 

The  verj  cloee  relation,  indeed  identity,  a«  far  ai  the  total  nitrogen  ia 
coneemed,  of  the  eicretion  per  kilog.  of  body-weight  in  theee  two  men 
oomea  oat  very  clearly,  and  ahows  that  there  most  be  a  real  connexion 
between  body*weight  and  nrin'ary  excretion,   

It  ia  reanarkable  that  while  the  heavier  man  paved  4}  grata. 'more 
nitrogen  deify  from  the  kidneyi  than  the  smaller  man,  he  did  not  eat  any 
great  ezceia  of  food.  Vnibrtnnately,  aa  the  nitrogen  in  the  food  was  not 
peeftntlj  datarmined*  it  ia  imponible  to  know  preciselj  whether  the*«52 
jrraa.  of  txaeie  of  aoUd  Ibod  taken  by  the  latger  man  woold  eontain  4| 
l^nw.  mora  tttngm.  Km^  howofery  the  amount  of  meal  waa  pneiad^  the 
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iAine>  and  as  tbe  smaller  man  only  took  }  os.  or  1*1  grms.  lea  bread*  and 
23  grms.  less  Tegetables,  tbis  woidd  seem  to  be  nnHkely,  and,  if  so,  aomo 
of  the  nitrogen  taken  bj  T.  must  bare  passed  off  in  other  ways. 

The  meai^  relation  of  tbe  ureal  to  tbe  total  nitrogen  was  Teiy  dose  in 
each  man,  being,  if  tbe  ureal  nitrogen  is  taken  as  umtj,  as  1  to  1*1.  and 
as  I  to  1*108  respectiTelf*  From  day  to  day,  howoTerj  the  rektion  wied. 

The  mtestmal  excretion  iras  examined  only  on  one  day,  tbe  last  bnt  one 
of  the  series. 

Conipositiou  of  lutesLiual  Excretion  of  Tweiity-four  Hours. 


Total 

grammea. 

Solidt. 

Water. 

Kitrogen 

iu  grmnie«s 

s  

171  1 
108-47 

28:)8  142v2 

i 

20-91G   1  1G8:>5 

1  042 
1-98 

The  smaller  man  passed  rather  more  solids,  water,  and  more  nitrogen 
than  the  larger  man,  and  through  this  cliaiuiel  bomc  of  the  nitrogen 
unaccounted  for  by  the  nrini'  must  have  escaped.  Whether  this  would 
actouat  for  the  whole  of  it  cannot  he  stated,  as  the  experiments  in  respect 
of  the  nitrogen  in  the  food  and  in  the  intestinal  excreta  of  the  whole 
period  were  not  t^ufficieutly  exact  to  determine  this  point. 

On  the  day  when  the  intestinal  excreta  were  anal^^aed,  the  totitl  dis- 
charge of  nitrogen      tlie  kidneys  and  bowels  was— 

8.  T, 
Urine....   20*i55  13*410 

Bowels   1*642  1*980 

Total         21-797  l.V:]9U 

In  S.  uearlv  -^ih,  and  in  T.  nearly  ^th  of  the  total  nitrogen  passed  by  the 
bowels. 

On  the  day  when  the  intestinal  excreta  were  analyzed,  the  bnlanre  of 
iogesta  and  egesta,  atmospheric  oxygen  being  disregarded,  was  as  follows 


S. 


T. 
5076 

50-80 
130 

2969  ' 


Weight  of  body  at  commencement  of)  - 

period,  in  kilogrammes   J  ' 

Weight  of  body  at  close   68* 

Gain  or  loss,  in  grammes   +  400 

Total  ingesta  by  food  and  drink,  ip  ] 
grammes   ,  j 

Urinary  egesta   1619 

Intestiiial  egesta         „    171*1 

Skm  and  lung  egesta     „    893 

The  tissne^anges  in  these  two  men  are  therefore  very  closely  the 
same,  and  the  men  are  quite  eomparable  and  well  fitted  for  the  expcii* 
menta,  T.  has  rather  a  laiger  excretion  (ehieOy  of  water)  li^  tha  Udiieys 


1774*8 
198*47 
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find  bowels,  and  ratber  less  bj  the  skin,  but  the  difference  in  not  gieiit* 
He  has  aIm  a  larger  excretion  of  nitrogen  by  the  iaweU  tban  8. 

Second  Period. — Non-nitrogeiious  Diet  and  Ucst. 
On  the  day  following  the  men  were  placed  for  two  dnvs  on  a  non-mtro- 
g(  nous  diet  consisting  of  arrowroot,  sugar,  and  butter,  from  which  the 
castin  had  been  separated.  The  only  nitrogenous  substance  taken  was 
that  contained  in  infusion  of  tea.  I  thouglit  it  better  to  allow  the  use  of 
warm  tea,  without  milk,  both  for  the  comfort  of  the  men  and  because  I 
'was  afraid  of  deranging  the  tissue-changes  by  too  complete  an  alteration 
of  diet. 

The  arrowroot  was  made  into  cakes  with  butter  and  sugar,  and  was  also 
taken  as  jelly.    Butter  and  sugar  were  taken  as  desired.    I  put  no  re- 

gtrictiaii  on  quantity,  but  left  it  to  choice  and  appetite. 

The  following  was  the  total  diet  of  two  days^  December  10th  to  llthj 


and  llth  to  12th,  in  grammes : — 

8.  T. 

Watef-free  arrowroot                                460  3827 

Water-free  augar                                   3997  294*8 


Total  dry  carbohydrates   87^7  C77-5 

Butter  (without  casein)   1247  84*4 


Total  water-free  food m  two  days. «    1004*4  761*9 
Pro|portioii  of  fkt  to  earbohydintes  1  to  7f  1  to  8. 
The  dry  atardics  and  butter  being  aaramed  to  be  of  their  ordinary  oom- 
|M»ritu»9  tbe  dttUtf  amount  of  carbon  would  bcj  in  gnunnea, — 


S.  T. 

In  arrowroot  and  ii^r   195*33  150*4 

In  batter    49*25  32*83 

Total    244-58  \^^^ 

grin?.  grms. 

The  amount  of  water  taken  in  the  two  days . .       4.*>92  45»;2 


It  is  of  no  consequence  to  calculate  the  proportion  to  body-weight,  aa 
aome  starch  and  sugar  passed  off  by  the  bowels. 

During  these  two  days  the  men  were  kept  in  complete  rest.  They  were 
allowed  to  get  np  for  fear  keeping  in  bed  should  make  them  feveriish,  but 
they  aat  quite  still*  or  lay  down  ou  the  bed,  and  did  not  leave  the  room 
during  the  time. 

The  wei$ki  decreased  in  the  case  of  S.  from  67*7  to  66*5  kilogramme^ 
and  in  the  case  of  T.  from  50*6  to  49  8  kilt^grammes* 

The  Uriwtfy  Excretion  was  collected  as  usual  on  the  first  day,  from 
8  A.M*  to  8  A.H. ;  but  on  the  second  day  it  was  collected  from  8  a.m.  to 
8  p.11.9  and  again  from  8  p.m.  to  8  a. m,  so  that  the  last  twelve  hours* 
nrine  was  secreted  forty-eight  to  sixty  hours  after  the  last  meal  of  nitro- 
gMMmalbod* 
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>  The  ffo^  detaili  m  gim  further  oot  Mid  I  wiU  nowmereljr  tUte  the 
raeftn  refolCs. 

Ob  the  mean  of  the  two  days  the  urea  of  twentj-four  hours  fell  from 
35  grammes  to  16*765,  or  more  than  one-half  in  the  case  of  8.»  aod  firom 
26  to  15,  or  rather  less  than  one-half  in  the  case  of  T. 

The  amoviDt  of  urea  in  the  last  twelve  hours  was  only  5  and  4*2  grammef 
for  the  two  men.  The  total  TiitrogeDj  or  a  mean  of  the  two  days,  fell  from 
17*97  and  13*4  to  8*176  and  7  grammes  in  the  two  men,  while  in  the  last 
twelve  hours  it  was  only  3  017  and  2  17  grammes,  or  at  the  rata  of  onlf 
6*034  and  4*34  grammes  in  twenty-four  hours. 

Calculated  aooordiag  to  body-weight,  the  results  are  per  kUcgramme 


Uvea, 

Nitrogen 
in  urea. 

Total 
nitrogen. 

Kon-urt^al. 
niLrogeu. 

a   

*2S2 

•aoi 

•118  . 
•141 

•136 
•159 

018 
•016 

A  more  satisfactory  comparison  may  perhaps  be  made  by  taking  the 
last  day  only  as  representing  more  complete  nitrogenous  iuauition. 

Per  kilogramme  of  body-weight. 


Uxva. 

Nitrogen 
in  urea. 

Total 
nitrogen. 

Non-ureai 
nitrogm. 

a  

-mi 

■2640 

•0949 
•1180 

*1054 
*1420 

O105 
O130 

Therefore  during  complete  nitrogenous  inanition  the  tissues  of  the 
smaller  and  older  man  ihmished  a  slightly  greater  amount  of  nitrcigen 
than  those  of  the  larger  man,  and  this  is  evident  both  in  the  ureal  aod  mm- 
ureal  nitrogen,  so  that  it  could  scarcely  be  accidental. 

The  sulphuric  add  and  phosphoric  acids  were  determined  on  the  last 
day;  the  latter  add  was  in  almost  precisely  the  same  absoluta  mean 
amount  in  each  man,  vis.  *9533  and  *941  gramme  i  the  larger  man  paaaei^ 
however,  one^third  more  sulphuric  add,  vis.  *633  as  against  *427  gramme. 

In  the  last  twelve  hours  the  chloride  of  sodium  fell  to  1  and  *4Z 
gramme. 

The  InUHinal  Sxeretion, 


■  This  was  examined  on  the  last  day.  The  oomposition  was*-* 


Total  weiglit, 
in  gramratJB. 

Solids. 

Waiar. 

IfllTCifsn. 

42*63 
8544 

6-6 
6-55 

35*03 
S8"69 

6875 
*586l> 
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The  amomii  of  solids  wu  almott  idiiitioal,'  but  S.  paaied  Um  mtragfa* 
ihaa  T*»  as  occurred  also  ia  Um  Uni  pccM.  The  eiei«te  nere  quito* 
bfliow^  and  had  a  greeoish  tint. 

On  the  aeeoud  day  of  nitrogenomi  inanitkm  tlio  balanw  of  ingaate  andl 
cgeata  ma  aa  followa 

Weight  of  body  at  eomnwaeement  of  period^ 

in  kilogrammea   *  , ,  •     66*69  50*1 

Wetghtof  body  at  doae  of  period                 66*19  49*6 

Gain  or  loas»  in  gram^iea.  680  «-500 

Total  iDgasto  in  food  and  drbk,  in  gnunmea  2995  2907 

Urmaiy  ^eata                        „      . .  2477'6  2306 

Inteatinal  egeata                      m      «•     45*53  '  35*44 

Skin  and  long  egeata                 '  „      ..  1155  1065*5 

Tlic  considerable  derangement  of  the  usual  balance  is  very  evidtuL ;  it 
tlc|)ciukd  in  part  on  the  greater  amount  of  water  takeu  aa  compared  with 
the  former  period,  but  not  apparently  altogether. 

The  water  of  the  kidneys  and  the  insensible  peibpirftlion  were  iucreasedy 
ivhile  the  intestinal  water  was  lessened. 

There  was  no  sugar  in  the  urine  detcctahle  by  common  tests. 

The  effects  of  the  diet  in  the  two  men  heiii^  thus  very  similar,  a  satis- 
factory basis  of  comparison  was  obtained  ioi  tiie  period  of  exercise. 

Third  Period. — Ordinary  Food  and  Occupation, 

* 

The  men  then  returned  to  their  former  r«|guktad  diet  and  nanal  occu- 
pation for  four  (lays.  Very  nearly  the  same  amount  of  food  was  taken  as 
in  the  first  period.  At  the  end  of  four  days  the  we%ht  of  the  body  in 
each  man  had  returned  ahnost  exactly  to  ita  former  amount. 

The  excretion  of  urea  and  the  total  nitrogen  (which  ia  given  In  more 
detail  iurther  on)  followed  a  oonrae  Teiy  aimiUMr  in  eaeh  man« 

On  the  fiiat  day  after  the  return  to  nitrogenous  diet  the  urea  was  in  round 
svmben  14  and  12  grannaea  reapeetiTdy  below  the  mean  of  the  firaC 
period}  that  ia  to  u^,  it  was  nearly  the  aame  aa  during  the  firat  day  of  non* 
nitMgenona  IMbgi  it  then«  in  the  case  of  8.,  inereaaed  day  by  day  till  it 
reaohed  29*67  granunea  on  the  fbnrth  day«  In  the  eaae  of  T.  it  inereaaed 
for  two  daya»  but  fell  a  little  on  the  fourth  day ;  the  total  nitrogen^  howb 
ever,  inereaaed  regokily  orety  day. 

Th»  gananl  itaolt  waa  Ihat  whereaain  finir  daya  of  the  finl  period  on  a 
aimilar  diet  and  exereiae  the  eieretion  of  nitrogen  waa  71*892  and  63*636 
gramnca  reapeetively,  during  theie  Ibnr  daya  of  the  third  period  tho 
excretion  of  mtrogen  in  the  urine  waa  only  51*952  and  44*38  grammea  ; 
ao  that  in  the  case  of  8.  19*94  and  in  the  eaaa  of  T.  9*256  g^mmea  of 
nitrogen  were  retained  in  the  bo^  for  the  nutrition  of  the  nitNgenona 
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tissues  which  had  been  brought  into  a  state  of  nitrogenous  inuutkm  ibr 
two  days  by  cutting  off  the  supply  of  nitrogen. 

At  the  end  of  the  four  days  it  was  considered  that  the  tissiiet  had  n- 
covered  their  compooition. 

Faitrth  Period, — NoH-nitragenaua  Diet  and  SseercUe* 

Diet, — ^The  diet  daring  this  period  wai  of  the  same  kind  as  in  the  second 
period.  The  men  were  directed  to  eat  what  they  pleased  of  arrowroot 
made  into  cakea^  and  jeily^  Bogiir,  and  the  oil  of  hotter. 

Thej  took  in  the  two  days  of  December  17-i^>  and  18-1 9>  the  follow- 
ing amonnta  s— 

Non-nitrogenous  Food  in  two  days^  in  grammes. 


Water-free  arrowroot 
Water-free  sugar  


Butter  (witliout  ca.scin) 


Total  water-free  food.. 
Proportion  of  fat  to  starches  .. 


6. 

T. 

796-6 

i>86-8 

421-5 

360O 

12181 

94G-8 

188-5 

127-5 

130G-6 

10743 

1  to  6-46 

1  to  742 

The  daily  proportion  of  carbon 


& 

T.  1 

27(HOO 

74-47S 

210180  1 

In  butt'^r   

944*878 

200«64  ' 

1 

The  amount  of  water  drank  in  the  two  days  was.  ,  .OlaD  j  -1762-6. 

Both  men  eat  more  during  this  period,  partly'  because  they  felt  more 
hnngry,  partly  hecause  the  arrow loot-cakcs  were  better  made.  T.  espe- 
cially took  more  butter,  to  which  he  felt  a  distaste  preTionsly. 

The  diet  satisfied  hunger ;  there  was  no  siukiug  or  craving  for  other 
kind  of  foodj  but  it  was  mouotonouif,  and  neither  man  wished  to  ooo* 
tinue  it. 

J5ur<»rc;,vt\  -  During  tliese  two  days  the  men  took  the  following  amoant 
of  walkinr^'Cxcrci.se,  on  level  ground.  On  the  tirst  day  the  exercise  com- 
menccd  nt  i)  .\.m.,  and  lasted  till  7.45  p.m.  with  intervals.  Ou  the  second 
day  it  commenced  at  9  a.m.,  and  lasted  till  9  p.m.  The  men  then  went  to 
bed. 

Firtt  day, — 2376  miles=38'23  kilometres. 

The  work  done  waa  calcnkted  according  to  Profeiwr  Hanghton'a  Ibt^ 
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mala,  that  walking  on  a  level  rarface  is  equal  to  lifting  of  the  weight 
through  the  distance  walked. 

S.,  weight  with  clothes,  73*68  kilogrammef.  Work  done  a  140839 
kilogniBiiie-nietres,  or  1.13*6  tons  lifted  a  foot. 

T.,  weight  with  clothes,  56*33  kilogrammes.  Work  done  »  107655 
kilogramnief*inetref»  or  34674  tons  lifted  a  foot. 

^Moiuf  <liBy.^Dittance  walked  32*78  inilee»  52*74  kilometief. 

Work  done. 

S.  =  1 9-1294  kilogramme-metres. 

=  O'i.VS  tons  lifted  a  foot. 
T.  =  1 4 7 •>  1    k il ogrn ni in c  n  n  t res. 

at      475  tons  lifted  a  loot. 

The  first  day's  walking  was  done  pretty  well  hy  both  men.  On  the 
second  day  both  men  did  the  first  20  miks  well,  but  felt  very  much 
fatigued  during  the  last  13  miles.  During  the  last  4  miles  each  man  felt 
pain  in  the  small  of  his  back.  Both  men  could,  howerer,  hare  marched  on 
the  following  day  if  neeetsary. 

With  regard  to  the  amoimt  of  fatigne  as  compared  with  other  occasions^ 
T.  would  give  no  opinion,  as  he  ndd  he  bad  no  fair  basis  of  comparison.  *^ 
S.,  however,  was  clear  that  he  was  much  more  fatigued  than  on  other  food. 
In  1  S6o  in  Ireland  he  marched  26  miles  on  one  day  and  20  on  the  following^ 
carrying  his  rifle,  accoiitroments,  and  forty  rounds  of  ball-cartridge  (an 
additional  weight  eqoal  to  lb  lb.  nearly),  and  yet  he  did  not  feel  fatigued  at 
all ;  while  on  the  present  occasion,  marching  without  weight  except  bis 
clotlics,  he  felt  much  exhausted. 

Both  men  felt  hungry ;  the  food  satisfied  them ;  neither  had  any  per* 
ceptible  action  of  the  skin  ;  the  days  were  fine  and  rather  warm.  During 
these  two  days  8.  lost  almost  precisely  2  kilogrammes  in  weight,  end  T« 
lost  j  of  a  kilogramme. 

The  Urinart/  Excfeii(m,'''^tb»  urme  was  collected  as  nsoal  from  8  a.ii. 
to  8  A  M.  on  the  first  day,  and  from  8  A.it.  to  8  p.m.,  and  from  8  p.m.  to 
8  A.M.  on  the  second  day.  In  order  to  compare  this,  I  have  placed  to« 
gelher  the  chief  urinary  constttofnts  \n  the  two  periods  of  rest  and  exercise. 


Amount  of  Urine,  in  cubic  centimetres. 


S. 

T. 

Best 

Eiercitw. 

'  Itett 

First  24  hours  

im 

910 

2550 
1210 

loao 

2120 
1090 

600 

1000 
650 

Ffrsfc  12  hours  of  nocond  day  ) 
Second  12  hours  uf  •ooondl 
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EiCFetloii  of  Nitrogen,  in  grammes,  ia  Ufiiifl; 


^  1 

Urea. 

I 

Kxer- 
ci40. 

J)oooinl>er  17-18,  first  \ 

Deoember  18,   flwt " 
la  (Ofty)  noun  01  * 

seoiMul  d;iv  

l>ect)mber  18  lU,  Lxatl 
12  (ni|(ht)  hours  of  V 
eepond  day  ..  .  ...  .  J 

20*00 
6525 

1  5-005 

19-125 
7-865 

7140 

9-33 
4*006 

3017 

10048 
4539 

3-360 

173 
fr46 

4-S 

ie-006 

6-000 
6-900 

* 

aw 

ToUl  in  two  durjs... 

j  33-530 

34130 

16-352 

17-942 

30<KiU 

^20  2o;)| 

The  excretion  of  the  urea  was  very  parallel  in  tlii'  two  men,  and  followed 
this  course,  lii  each  man  in  the  first  tvrnty-l'uur  hours  ucarly  1  eraninic 
less  was  excreted  by  each  niaa  in  the  period  of  exercise  as  compared  with 
tliat  of  rest ;  the  larger  mau  excreted  nearly  3  grammes  more  urea  liiau  the 
SDialler  one. 

In  the  next  twelve  hours  each  man  excreted  very  nearly  ifl  ^raTume  less 
in  the  period  of  exercise  as  compared  with  rest.  The  absolute  ijiiantity  was 
almost  precisely  the  same  in  each  man;  in  other  words,  the  buik  of  the 
larger  man  now  had  no  effect  m  tlie  urea. 

In  the  last  twelve  hours  (chiefly  rest  during  nis:ht)  the  urea  increased  in 
each  man  in  the  period  of  exercise,  as  compared  w  ith  that  of  rest^  the  abiO* 
lute  increase  in  S.  being  2  grammeSy  and  in  T.  1  grauune* 

Taking  the  whole  period, — 

ExeietiiMi  of  urea  in  two  days  in  the  period  |      s.  T. 
of  exerciBeaB  compaied  with  iM  /  +0*60      — *825 

The  fendti^  when  the  totil  nitrogen  is  consideKcl,  m  as  IbUows : — 
Stightly  more  nitrogen  wai  excreted  bj  8.  in  the  period  of  ezerdie 
throughout ;  the  excess  bemg,— 

grm. 

Inthe  first  24honn..  •  0718 

In  the  next  12  hours   0*528 

In  the  last  12  hours   *343 

Total  excess  of  nitrogen  dnring  exerdse  pm>d .  1*589 
In  the  ease  of  T.  the  total  nitrogen  during  exercise  was  like  the  una 
helow  the  period  of  rest  in  the  first  36  hours,  hut  in  the  last  12  honra  the 

excess  of  nitrugen  in^  the  period  of  exerdse  was  so  considerable  aa  to  « 

cause  the  nitrogen  of  the  two  days  of  exercise  to  exceed  that  of  rest  by 
0*223  gramme. 
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I  draw  the  conclusion,  therefore,  that  in  both  these  men  there  was  in 
the  first  .'iij  hours  a  decrease  m  the  au^ount  of  urea ;  but  in  the  last  11 
or  rest-hours  of  the  48  hours  of  the  jr  riod  of  exercise,  an  increasp. 

That  in  the  case  of  S,  the  total  nitrogen  was  increased  throughout  the 
•whole  period  of  exercise,  the  total  increase  being   r5S9  2:ramme,  or 
24'5  grains  of  nitrogen,  while  in  tlie  cn?e  of  T.  the  total  nitro^xiMi,  like  the  * 
urea,  was  lowe  r  in  the  fu  st  36  hours  of  the  period  of  exercise,  but  increased 
greatly  in  the  last  12  hours. 

It  may,  indeed,  be  said  that  the  difference  between  the  nmounts  in  the 
two  periods  is  after  all  so  incon^iderfible  as  to  be  explained  by  the  necessary 
errors  of  obstrvation.  But  the  constancy  of  the  results  in  the  two  men, 
and  in  tlie  case  of  T.,  thcRnioTint  ou  tiie  first  day  after  the  nork-period»  as 
given  further  on,  seem  to  me  to  show  the  excess  to  he  real. 

On  the  same  diet  the  heavier  man  excreted  ratlu  r  more  urea  and  total 
nitrogen  throughout  than  the  smaller  man,  except  in  the  first  12  hours  of  the 
second  active  day,  when  the  urea  was  a  trifle  less. 

The  excretion  of  nitrogen  in  the  urea,  as  compared  with  the  total 
Ditrqgen,  was  (the  ureal  mtrogen  being  taken  as  unity)  as  follows 

Period  of  rest   1  to  1  042         1  to  M3 

Period  of  ezerdaa   1  to  1*126         1  to  M78 

In  both  cases- tfam  appears  to  have  been  a  greater  relatWe  eieretkm  of  the 
nitrogenous  sdbstanees  other  than  weal.  Is  it  not  probable  that  the 
creatiniiie  was  increased? 


The  Phosphoric  Acid. 


S. 

T. 

Rest. 

Exercise, 

Best. 

Bserdie. 

First  12  hoars  uf  second  period  . . 
Second  12  hmm  of  noona  period 

•4^30 
•4608 

1-873 
•395 
«740 

•5102 
4SQ8 

1144 
•6305 
W8 

•8533 

1144 

j  -9410 

*9283 

On  a  non-nitrogenous  diet  the  iimoiiut  of  phasphuric  acid  is  not  increased 
in  a  period  of  exercise  as  compared  with  a  like  period  of  rest.  The  imma- 
terial increase  iu  S.  is  counterbalanced  by  as  slight  a  decrease  in  T. 

The  Sttlphnrie  Acid. 


S. 

T. 

Krst. 

£xercise. 

Best. 

£ie(dse. 

.Ffni  UbouMof  seocHid  day  (da^^.  . 
Seeoad  ISbouitof  iM)Oiiddi^(iUgtit) 

•372 
•261 

•3791 
*d084 

•232 
•195 

•1544 

•301! 

•633 

•C875 

j  -427 

•4655 
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The  mlpliiifie  add  wu  dig^dj  ineraMd  In  each  nan,  hoi  the  iamtie 

vas  not  great,  and  is  perhaps  withb  the  Umita  of  error* 

Chloride  of  Sodium* 


As  no  ehloride  of  sodium  was  taken  with  the  non*nttngenoas  diet,  the 
amounts  excreted  represent  on  the  second  day  the  mere  waste  of  tlie  tisauifc 


Rett  1  Euraw.  BmfL 

'  6^14 
2  81 
1-01 

3-280    :  4-9 
•073    ,  1-88 
•119    I  42 

1^. 
•150  ! 

First  12  hours  of  second  day  (dav  time)  . 
LMt  12  hoim  of  woond  day  (night  time) . 

0-892    j|  230 

1^ 

i 

Am  the  results  agree  in  both  men,  it  appears  that  on  a  diet  free  from 

comnion  salt  much  more  chloride  of  sodium  passes  with  the  urine  during 
rett  tliau  exercise;  it  is  to  be  inferred  tliat  iu  the  latter  case  ciiloride  ot 
sodium  passes  off  by  the  skin. 

No  Bugnr  was  detected  in  the  urine  by  the  ordinary  tests  of  liquor 
potassse  and  rciiling's  copper  solution. 

Jnieeiinai  Saeereiion, 
This  was  examined  on  the  Ust  day,  and  was  as  ibttows 


Total  wv'v^ht, 
in  grammes. 

SoUd«. 

Watar. 

Nitrogen. 

T... 

l(X)-5 
120  7 

11012 

94-87 
119-688 

•rv?i8 

-5739 

If  these  numbers  arc  compared  with  those  of  the  corresponding  period 
of  rest,  it  appears  that  tlie  total  intestinal  excretion  was  larger,  hut  thh 
arose  in  one  man  from  an  excess  of  wnter ;  in  the  other  the  solids  were 
increased.  In  both  men  the  nitrogoii  was  in  excess  in  the  period  of  exer- 
cise, but  the  difference  was  not  great,  and  may  probably  be  disregarded. 

Bidanee  oflngnia  and  Sffe$iu, 


On  the  second  day  of  thu  i> on  nitrogenous  diet  and  exercise,  the  baiAuce 
of  ingesta  and  egesta  was  as  toiiowa : — 


1  ^ 

Weight  of  body  at  connuencement  of  j>criod,  in  kjlogramm^  . 

G(>"G(> 
65  73 
-930 
3639 
2247 
l(X)-5 



50-1 
49  87 

-2:10 

3124 
1(67 
120-7 

If  these  nnmhers  are  compared  with  those  given  m  the  corresponding 
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period  of  rest,  it  will  be  seen  that  in  both  men  the  skin  and  luiig  c^c^ta 
were  very  s^reatly  increased  (uearlv  100  and  50  per  cent.  re8pectivel\ )  ; 
the  intestinal  ugcsta  were  also  much  lari^er;  Uie  urinary  smaller,  especially* 
in  the  case  of  T.,  who  \m>sed  nearly  800  cub.  centims.  lesfl  of  urine«  though 
he  took  more  Huid  as  drink. 

Neither  of  the  men  were  couficiouB  of  any  {>er8piration. 

F^k  Period, — OrdUuaj  DUi  and  SxereUe. 

The  men  were  now  again  placed  on  their  weiirlud  diet,  and  took  their 
ordinary  exercise  for  four  days,  except  that  on  tlie  day  foiiowiog  the  walk 
of  33  miles  they  were  tired  and  rested  n  good  deal. 

This  period  has  now  Lo  be  compared  with  the  third  period,  which  fol- 
lowed that  of  rest.  As  the  ainomit  of  diet  is  very  important,  I  give  the 
mean  Rmoiint  in  each  of  the  four  days  of  the  third  and  fifth  period*  in 
Eogiitih  ounces. 


Baify  11110011^  in  oonoei  (487*6  gnini). 

8.  1 

T. 

Third, 
or  after 
testf 

period. 

Fifth, 
or  Hfleir 

period. 

Third, 
or  after 

rest- 
period. 

JBifth, 
or  aflmr 

work- 
period. 

8-5 

17 

13-68 
1 

20 
20 
21 

9-81 
16  18  ; 
1462 

1 

20 

20 
20 

6-625 

1625 
13-5 
1 
20 
20 
18 

7-87 
16-75 
14-37 

1 
20 
20 
20 

Brrar!   ,  

Tea,  with  1|  OS,  of  milk,  l|oi.  of  mgar   

Coffee,  with  mum  wnowM  of  aniar  and  milk  . 

Ale  

In  the  fifth  period  each  man  took  rather  more  than  an  ounce  mora 
meat;  $,  Cook  ^  oz.  leas  bread,  and  T.  J  an  onnee  more ;  each  man  took 
I  of  an  onnee  more  Tegetablea,  and  1  and  2  onnces  more  water.  It  ia  to 
be  regretted  that  the  diet  was  not  pieeiaely  the  same ;  bnt  the  differencet 
are  not  Tery  great»  and  it  was  thought  desirable  to  a]k>w  the  men  to  satiaQr 
theur  appetites.  They  were  more  hnogrir  after  the  work- period  than  after 
the  rest-period. 

The  wet(/At  increased  in  this  period.  In  two  di^s  S.  gained  \i  kilo- 
gramme and  T.  1 1  kilogramme,  each  man  nearly  getting  his  proper  weight. 


The  Urinary  MrereHoH, 
The  qnantity  of  Urine. 


8. 

T. 

After  rest- 

After  work' 

After  rest- 

After  work- 

period. 

period. 

period. 

period. 

1139 

1028 

1495 
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Tbm  mf  aotrodj     diAfenee  in  T.»  ind  only  10  per  oei^  differe«M 

The  Nitrogen. 


S. 

After  reet- 
period. 

After  work- 
period. 

After  rest- 
period. 

kf^er  work- 
period. 

Urea. 

Total 

n  itro- 
gen  bj 
«oda> 

lime. 

Urea. 

nitro- 
gen bj 
•oda- 

lime. 

Urea. 

TotiU 
nitro- 
gen bj 
•oda- 

lime. 

Urea. 

Total 

n  i  tro  - 

gen  hj 
■oda* 

lime. 

Second  day  «...•••.  

—  

2U07 

•:6-29 
29-67 

9-703 
12-304 
13  70* 
14-260 

20-8 
26-3G4 
28-32 
30-10 

10-237 
1300.-) 
14.790 
15-565 

,  14-40 
23O0 

;  25-20 
22-99 

7-441 

11-  48() 

12-  209 

13-  231 

23-  00 
24  36 

24-  .'>7 
21-26 

1158 
1300 

10^395 

26-555 
« 

12-988 

26-396 

13-361 

21-397 

11-095 

23322 

11-6.J8 

Mean 

of .) 
dajs. 

Unfbf tunatelj,  oo  tlu  tliiid  day,  in  the  case  of  T.,  the  dttcrauiiatioa  oC 
the  nitrogen  bj  8oda4ime  ma  not  satisfactory,  and  as  some  time  elapsed . 
belbre  it  eonld  be  again  doae»  the  amount  has  been  omitted.  Bnt  sop- 
posing  there  was  the  same  lelatiTe  exeesa  om  the  nreal  nitrogen  as  in  the 
other  day%  the  total  idtrogen  would  hafe  been  13*97  grms.  Adopting 
this  nnmber»  the  follomring  are  the  resolts  s — 


1^ 

7  700 
4*560 

The  question  now  arises,  was  this  excess  of  nitrogen  excreted  daring 
Uie  after  work-period  the  result  of  the  elimination  of  the  prodacts  of 
destroyed  muscle  during  the  work-period,  or  was  it  the  consequence  of  nn 
excess  of  nitrogenous  food  in  the  four  days  following  the  exercise? 

S.  took  131  07.  avoirdupois  more  meat  cooked  and  |  oz.  yegetables  in 
the  fittli  than  in  the  third  period.  The  percentage  of  water  in  the  meat 
was  57*49,  and  if  the  nitrogen  be  taken  at  2'935  per  cent.,  there  would 
be  in  13 1  oz.  of  cooked  meat  Tl  grm.  of  nitrogen.  In  the  vegetable 
there  would  be  about  0  04  irrm.  of  nitrogen.  But  from  this  amount  must 
be  deducterl  '3-25  rrrm.  of  nitrogen  not  taken  in  the  bread,  making  the 
total  daily  excess  of  nitrogen  taken  in  the  fifth  period  '815  grm.;  the 
daily  excels  of  nitrogen  in  the  uriue  was,  however,  only  -375  grm.  ;  there- 
fore, in  the  case  of  S.,  it  cannot  be  athrmed  that  any  excess  of  nitrog:en 
was  derived  from  disintegration  of  muscle  (hiring  the  exercise.  In  the 
esse  of  T.,  the  daiJ^  excess  of  nitrogen  was  larger,  amounting  daily  to 
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M4  gnn.,  but  as  the  man  took  I -245  oz.  more  meat,  i  oz.  more  bread, 
and  almost  an  ounce  more  vegetable  (in  ail  1*2  grm.  of  nitrogen),  it  is 
evident  that  here  also  the  excess  of  nitrogen  in  the  urine  might  hare  hcva 
demed  from  the  food.  Hovs  t  ver,  it  is  rcallv  probable  that  sotiie  of  the 
▼cry  large  excess  of  urea  on  tiie  first  day  of  this  period,  in  the  case  of  T., 
was  really  owing  to  augmented  elimination  from  the  work.  No  such  ex- 
cess is  observable  in  the  case  of  S.,  who  liiwJ,  howe?cr,  a  larger  elimination 
than  T.  in  the  previous  twelve  hours. 

The  Chloride  of  Sodium. 
The  chloride  of  sodium  rapid!/  retimed  to  its  previous  amount. 


1  8. 

T.  1 

Third  day  1 

Fourth  day   j 

1444^1-614 

6- 169  4-905 
10-25 

8-n7j  6  446 

It  will  be  remembered  that  T.  always  took  lees  salt  than  S.  The  third 
period  is  not  comparable  with  the  fifths  aa  the  men  took  by  mistake  a 
great  deal  of  lalt  on  the  lecond  day. 


The  Phosphoric  Acid. 


S. 

T. 

Fiittdav   

Third  day  

1-  565 

2-  413 
2-548 
2-408 

2-158 
2-273 
2-533 
2-065 

As  the  phosphoric  acid  was  not  determined  in  the  third  period*  no  com- 
parison ia  poamble,  bat  the  above  Table  shows  that  no  excess  passed  off  in 
the  after-period. 

The  snlphiiric  acid  was  not  determined  in  this  period. 


The  Intestinal  £xcretay  in  grammes. 


a 

T. 

Total 
weight. 

Solids. 

Water. 

Nitro- 
gen. 

Total 
weight 

Solid«. 

Water. 

Nitro- 
gen. 

Deo.  19L-90;  Srttday  ... 

Bee  20-21 ;  second  day. 
Dec.  21-22;  third  day 
Dec.  22-23;  fourth  day  .| 

2d8 

191-7 

m-9 

1711 

21-86 

113-02 

1-264 
  1 

127-5 

213 
71 
J 191-7 

11-8 

59-2 

•7188 

The  large  intestinal  ezeretioa  on  the  fifst  day,  in  the  ease  of  S.,  was 
owing  to  a  little  looseness  of  the  bowels ;  there  were  two  stools  on  that 
day,  being  the  only  instance  of  irregularity  in  either  man.   Otherwise,  as 
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compared  with  the  first  period,  there  is  no  evidence  in  citlier  case  of  any 
increased  excretion  ;  on  the  third  da^«  iudeed^  the  mtro^a  waa  below  Ui»t 
of  the  first  period  in  each  ca.sr. 

The  balance  of  ingeata  and  egeata  was  as  foUowa  on  the  third  day  of 
thif  period:* 


Weiglit  of  body  at  oommencement. 

Weight  uf  body  at  ckwe  

Gtdn  or  Iom,  in  f^cKmom   

Food  and  drink  ingorta  

Urmary  ^cata.....  « 

Inteitina]  egeata  

Skin  and  lunga  egnafea  


s. 

T. 

07- 1 

50-07 

6708 

50-08 

-20 

+  10 

2^01-7 

2877-5 

1806-7 

1922-5 

134^ 

71 

068-1 

8M 

These  numbers  are  fairly  accordant  with  those  of  the  first  period, 
except  t hut  the  iuteatinal  excretion  in  T.  was  slightly  less,  and  the  uhiiarjr 

rather  more. 

The  conclusions  which  cau  be  drawn  from  tlic  above  experiments  are 
not  altogether  accordant  with  those  ot  Professors  Fick  and  Wi?Heenn?. 

The  decrease  in  the  urea  during  the  first  thirty-six  hours  of  the  exer- 
cise-period, as  compared  with  the  rest-period,  on  a  diet  without  nitrogen, 
which  occurred  in  these  two  men,  is,  I  think,  conformable  with  the  results 
obtained  by  the  two  experimenters  mentioned  ;  but  this  is  not  the  case  with 
the  increase  in  the  urea  which  I  found  in  the  last  twelve  hours.  Yet  that 
thif  increase  is  real  is  Bhown«  I  believe,  by  the  accordant  results  in  the 
two  men,  and  by  the  increase  of  the  total  nitrogen  of  the  ezerdae-petiod 
as  determined  by  soda-Ume. 

The  relative  greater  increase  in  my  experiments  of  the  nou>areal  nitro- 
gen (which  makes  me  believe  that  an  excess  of  nitrogenous  cmnpoond 
other  than  urea,  and  possibly  creatinine  especially,  was  produced  by 
the  exercise)  is  not  perceptible  in  their  experiments,  yet  I  cannot  but  W 
Uere  that  the  fact  was  so,  as  it  comes  out  with  great  deamess  in  the  two 
men.  The  following  Table  shows  this. 

Belation  of  ureal  to  non*ureal  nitrogen,  the  former  bcmg  taken  as  onity. 


& 


Before  rest-period   ltol-1 

Rest-period    1  to  1*042 

After  rest-period   ;  •  •  1  to  1*009 

Work-period   1  to  M26 

After  work-period  •  1  to  1*08 


1  to  1*108 
1  to  M3 
1  to  1*116 
1  to  1*178 
1  to  1-06  (T) 


(three  days). 

The  reason  which  makes  me  believe  the  results  are  real,  is  the  fact  that 
the  indiridual  rektMn  of  the  ureal  and  non-ureal  nitrogen  is  preaerred ; 
that  is  to  say,  m  T.  the  non-ureal  nitrogen  is,  under  normal  dreumstanoes, 
a  little  in  excess  as  compared  with  S. ;  the  same  relative  excess  is  also 
found  in  the  work-period. 
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The  retson  of  these  diSerences  between  Ffo^bssoni  Fick  and  WidioeniK 
and  mjfflelf  is  piobablj  to  be  found  in  the  short  period  of  time  during 
which  their  obeemtions  were  carried  od»  and  a]so  because  the  urea  was 
not  determined  bj  them  in  the  night'of  the  dOth  to  3l8t  of  August. 

But  their  conclusion  is  certainly  borne  out,  that  on  a  non-nitrogenous  diet 
exercise  produces  no  notable  increase  in  the  nitrogen  of  the  urine — although, 
when  the  whole  period  is  consideied,  it  does  produce  a  slight  increase* 

It  may  now  also  be  said  thatt  Under  similar  conditions,  exercise  pro- 
duces no  increase  in  the  excretion  of  nitrogen  by  the  bowels. 

The  diminution  in  the  amount  of  urea  during  the  actual  period  of  work, 
as  compared  with  the  rest-period,  which,  if  I  am  not  mistaken,  is  obvious 
in  both  our  experiments,  is  a  very  curious  circumstance.  It  shows,  not 
that  on  a  non-nitrogenous  diet  the  nerres  and  muscles  arc  totally  unaffected 
by  exercise,  but  that  changes  go  on  wliick  either  retain  nitrogen  in  the 
body  or  eliminate  it  by  auotlicr  channel. 

Is  it  possible  that,  when  the  excess  of  nitrogen  is  restricted,  the  ex*  • 
hausted  muscle  will  take  nitrogen  from  the  products  given  off  from 
another  p  Dttiun  of  decomposini:  muscle,  and  thus  the  nitrogen  may  be 
used  over  and  over  again  ?  or,  after  all,  is  nitrogen  really  given  off  in  some, 
form  by  the  skin  during  exercise,  as  formerly  supposed? 

Although  it  is  thus  certain  that  Tcry  severe  exercise  can  be  performed 
on  non-nitrogenous  diet  for  a  short  time,  it  does  not  follow  that  nitrogen 
is  unnecessary.  The  largest  expeikuce  shows,  not  only  that  nitrogen 
must  be  supplied  if  work  is  to  be  done,  but  that  the  amount  must  aug- 
ment with  the  work.  For  a  shtirt  ]>eriod  tlie  wpll-fcd  body  possesses 
sufficient  nitrogen  to  permit  muscular  excrticjn  to  c;q  on  for  some  time  with- 
out a  fresh  sup])ly  ;  but  the  destruction  of  jiitrogciiou!?  tisanes  in  these  two 
men  is  shown  by  the  way  in  which,  wlitn  nitio^cn  was  agam  supplied, 
a  large  amount  was  retained  iu  the  body  to  compensate  for  the  previous 
deprivation. 

I  believe  also  that  iu  these  two  men  tiie.  great  exhaustion  of  the  second 
day  showed  that  tlieir  muscles  and  nerves  were  becoming  structurally  im- 
p^red,  and  that,  if  the  experiments  had  been  continued,  there  would  have 
been  on  the  third  day  a  large  diminution  in  the  amount  of  work. 

I  have  found  that  the  period  when  a  restricted  supply  of  nitrogen 
begins  to  tell  on  the  work  differs  in  different  men.  In  one  experiment 
I  reduced  the  nitrogen  in  the  food  to  one-half  its  normal  quantity  in  two 
men ;  in  one,  no  effect  was  produced  on  exercise  in  seven  days ;  in  the  other, 
a  lessening  of  active  bodUy  work  was  produced  in  five  days.  Doubtless  the- 
previous  nutrition  of  the  muscle  would  influence  the  time. 

Finally,  it  may  be  questioned  whether  the  relation  of  elimination  of 
nitrogen  to  exercise  -can  be  pioperiy  determined  in  this  manner,  u  e,  by 
catting  off  the  supply  of  nitrcigen.  The  true  method  would  probably  be- 
to  supply  nitrogen  in  certain  definite  amount,  so  that  the  acting  muscle 
night  appropriate  at  once  what  it  lequire d* 

roi0.  XV.  2  o 
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Fdfntmy  7, 1867. 

Lieut.-General  SA£INE,  President^  in  the  Chair. 
The  foUowtng  eomnnmicatiini  was  read » 

Account  of  Experiments  on  Torsion  and  Flexure  for  the  Deter- 
miDation  of  Rigidities/'  By  J,  D.  Everett,  D.C.L.,  Assistant 
to  the  Professor  of  IMatbematica  in  the  University  of  Glasgow. 
Ckimmanicated  by  Sir  Williav  Thomson.  Received  January  25, 
1867. 

(Abstract.) 

These  experiments  arc  a  continuation  of  those  described  in  a  paper  read 
Febnmry  22,  18G6,  with  some  modifications  in  the  apparatus  employed 
which  render  the  comparison  between  torsion  ntul  flexnre  more  direct. 
The  amonnt  of  torsion  or  flexure  produced  by  suljjecting  a  cylindrical  rod 
to  a  uniform  couple  throughout  its  whole  length,  is  measured  by  means  of 
two  mirrors  clam]i(  d  to  the  rod  near  its  ends,  in  which,  by  the  aid  of  two 
tilcscopes,  the  riilexions  of  a  scale  overhead  are  seen  and  tlio  displace- 
incnts  rend  off.  Oiie  end  of  the  rod  is  fixed,  and  a  couple  (of  torsion  and 
flexure  alternately)  is  applied  to  the  other  end. 

Three  rods,  of  glass,  brass,  and  steel,  were  experimented  on,  and  the  re- 
sults obtained  were  m  follows — M,  n,  and  /•  denoting:  tlic  resistances  (in 
kilogrammes  per  square  Tnillimctre)  to  linear  extension,  shearing,  and 
cubical  compression  respectively,  and  r  denoting  the  ratio  of  lateral  ooa- 
traction  to  loDgitudinal  extension 


Glut. 

Brais. 

Sted. 

10948 

21793 

3729 

8341 

57007 

18756 

•469 

•310 

February  14, 1867. 

LieQt..6enertl  SABINE,  President,  in  the  Chair. 

Tlic  following  communications  were  read 

h  "  On  the  Relation  of  Insolation  to  Atmospheric  Humidity.^  By 
J.  Pabk  Hareison,  M.A*  Communicated  by  the  PrcsidcnI. 
Received  January  30^  1 867. 

The  occurrence  of  the  mnxiina  of  insolation  on  days  of  great  relative 
humidity  which  was  noticed  by  Herr  v.  SchUiguitweit  in  India*,  iccctTfS 

«  ProoecdinssortfasltogralSooletyi  186(i,V€L  sif.  n.  111. 
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confirmntlon  from  the  fact  that  the  post-solstitial  jK  viuiis  of  mnximum 
solar  radintion  in  auiuuin,  ruui  also  the  fliumnl  max.ima«  coincide  with 
montljly  and  daily  periods  of  maximum  huniidity. 

It  is  proposed  to  show  the  extent  to  which  this  is  the  case  in  England 
hy  means  of  Tables  of  monthly  results  of  radiation  and  vapour. 

The  first  Table  exhibits  the  mean  monthly  values  of  solar  radiation  and 
Tapour-teuMon  for  the  five  mouths  from  May  to  September,  at  Greenwich, 
in  18G0-64*. 

Table  I. 

Monthly  Means  of  Kadiation  and  Vapour  at  Greenwich  (1860-64) • 


Month. 

Solar 
ndiatioa. 

Teiuion  of 
Tapoar. 

Weight  of 
vapour. 

May  ; 

July  

September .. 

a; -8  F. 

103-2 
+  108-2 
:  + 107-5 
97-5 

0-314  in. 
0-364 

+  0-393 
+0-397 
0-361 

3*5  gra. 

4-1 
+4-4 
+4-4 

40 

The  plua  signs  ( +)  indicate  fink  and  aecoitd  maxima. 


TheniBxima,  both  of  radiation  and  tapoar,  occur  in  Julj  and  Aogostt 
The  excess  of  insolation  in  Jnlj  is  6%  end  the  excess  in  August  4*^*3  alMiTe 
ihit  mean  in  June.  The  exoen  of  Tapoor-tension  in  the  two  months  is  *0S0. 

To  obtain  results  more  exactly  comparable^  the  monthly  mean  tension 
of  fapour  for  each  of  the  five  montha  was  next  deduced  at  the  hours  of 
noon,  2  p.M.t  and  4  p.m«,  for  the  years  1842-47*  during  which  two-honi^ 
observations  were  made  at  the  Royal  Observatoiy. 

Is  Table  II.,  which  contains  the  monthly  means^  maximum  results  again 
a|ipMr  prindpaUy  in  July  and  August. 

Tablk  11. 


Monthly  Hesns  of  Tension  of  Vapour  at  Gre«awich  at  0^  2\  wadAK 


Tear. 

May. 

Janet* 

July. 

Angmt. 

SepUmber. 

1842. 

0*358 

0-473 

0-43G 

0-545 

0-449 

IfMS. 

0^14 

0*501(4) 

0^74(<?) 

1B44. 

0-365 

0*429 

0-466 

0-430 

0*450 

1845. 

0-331 

0*483 

0-463 

0-443 

0-402 

1846. 

0-379 

0*483 

0*484 

0-496 

0-471 

1847. 

0-376 

0*391 

0*484 

0*407 

0*403 

(a)  Mean  amount  of  doud  8*0.      (6)  Cloud  8-5.  (c)  Cloud  4-5. 


"  The  vacuum-thermometer  was  used  at  Qreenwich  first  in  18801    1864  is  the  date 

of  the  last  published  observations.  The  means  of  radifttion  were  r1f>rivr(1  from  the 
diiily  inaximft  of  the  TOcmini-thermometcT  ;  the  ineons  of  vapour  from  tiic  UMual  num- 
ber of  diurnal  observations.  It  is  believed  thiit  the  observation)!  for  the  fire  years  are 
homogeneous.  t  See  note    p.  358. 
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And  the  tnoathly  maxima  of  boIat  radiation  (in  the  next  Table)  neeoid 
with  the  higher  mean  tennona  of  yapoor  in  ahnost  eveiy  inatance* 

Table  III. 


Monthly  Mean  Maxima  of  SoUnr  Badiation. 


Tear. 

May. 

July. 

August. 

September. 

1842. 

821 

98-9 

9°2-4 

102-2 

o 

8W 

1843. 

80  9(a) 

851 

90-9(A) 

930 

92-6(c) 

IS  14. 

87-5 

950 

94-1 

87-2 

87-0 

1845. 

7a'0 

931 

90-3 

(91-7)t 

81-3 

1846. 

87*1 

103*1 

07*4 

93*3 

90*3 

1847. 

86-3 

85-7 

93-0 

80*0 

77-6 

{a)  Mean  amount  of  doud  O-O.      (6)  Cloud  S  o.  (r)  Cloud  4*5. 


In  thoie  caaea  wheie  the  Tfllnea  of  radiation  and  vapour  do  not  agraet  the 
exoeptbna  wiU»  it  ia  helieTcd,  be  anfficiently  accounted  for ;  thna  the  oe- 
eiumnce  of  the  aecond  maximum  of  aoUr  radiation  in  September  1843  in 
pkce  of  July,  though  tcnabn  waa  higher  in  the  latter  month,  ia  explained 
by  the  obacuration  of  the  ann,  and  the  unusual  quantity  of  rain  in  July. 
Th»  tenaon  of  rapour  in  September  waa  *(Hi  higher  than  in  Junet« 

Heat  and  Vapmt  in  Canada,^The  dependence  of  the  maxinram  tem* 
perature  in  the  day  on  the  quantity  of  moisture  in  the  air,  in  winter,  at  To* 
ronto,  though  not  directly  connected  with  the  present  inquiry,  b  closely 
allied  to  it,  and  uu\y  be  referred  to  with  advaiitnge  in  the  absence  of  oh- 
servations  of  solar  radiation,  to  shuw  the  ctTecU  ot  slight  variaLioiii  oIl  va» 
pour  in  that  cuuntn  . 

General  (at  that  time  Colonel)  Sabine,  in  a  paper  ia  the  Transactions  of 
the  Royal  Society  "  Ou  liie  Periodic  and  Non-Periodic  Variations  of  Tem- 
perature at  Toronto" §,  pointed  out  the  fact  that  the  period  of  minimum 
heat  in  the  year,  hoth  hourly  and  dnily,  at  that  station  occurs  between 
the  7th  and  17tli  ^lays  of  February,  on  the  dayjs  when  vapour  is  also  at  ita 
minimum.     The  weans  of  temperature  and  tension  ou  the  ten  daya 

*  In  Juno  the  nuxima  of  radiation  an^  as  a  rule,  found  to  be  aoeompanicd  by  If^^ 
Tapour  tli«'i  in  August  nnd  Sciitcnibcr,  Thus  it  will  be  sefn  in  Tables  II.  and  III. 
timt  thp  ditleri'nce  b*-l\vecn  the  mean  tensions  in  Juno  and  August  184C  is  ^Oiy  ;  Uie 
exo^  is  in  farour  of  August ;  but  the  ukaxiiuuia  tolar  rtidiatiou  i:^  in  Jutie.  In  li^43 
tenaioii  ma  at  its  maximum  in  July — but  not  radiation,  in  conBequcnce  of  the  almormal 
quaatity  of  doud  and  nun  m  that  month, 
t  Sis  clnervationi  only* 

t  A  sUn  more  remarkable  instance  of  monthly  Uaximnm  solar  radiation  in  Sep- 

toinlier  occurn-d  in  1805,  when  the  cioess  over  the  mean  of  the  five  preceding  Sep- 
tf^Tnhrrs  was  21-'7,  and  thf»  increase  of  contemporaneous  Ta|X)ur-tension  -h^*;.  Thii* 
apponrs  to  be  accounts  for  by  tlic  rninfall  in  Anqnist  ;  the  wentbcr  in  SfpicmtxT  InVi 
WM,  in  fact,  verj-  like  tliut  w  iiicii  loUowd  tlic  rainy  season  in  India.  'Xixc  leimoa  of  vapour 
waa*084  higher  than  in  June. 
S  Anno  1853,  p.  14& 
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alluded  to  are  respectirelj  21^*7  and  '098,  as  deduced  from  the  hourly  ob- 
aeirations  which  were  token  in  l842^-48  at  the  Ordnance  Oifice. 

The  mean  readings  of  the  standard  thermometer  at  2  p.m.  (the  warmest 
hour  in  the  winter  at  Toronto)  and  the  oontemporaneons  mean  tensbns 
,  of  Tupourj  in  January  and  February,  are  exhiMted  in  Table  IY« 

Tabu  IV. 

Monthly  Mean  Besults  at  Toronto  at  2^  p.m.  (1842-48)*. 


Monlli. 

Maximum 
lemperiture 

Wet.balb 
thenDometer. 

Tension  of 
vaponr. 

January  ... 
February... 

28-6 

o 

26-7 

• « 

01 29 
0117 

At  2f  on  the  7th  to  the  1 7th  davs  of  February  the  temperature  was  26°'4» 
and  the  mean  tension  of  Tapour  '111. 

Fwtmeridian  maxima  of  solar  radiation, — Though,  it  is  well  known  at 
obaerratories,  the  hour  of  mean  maximum  solar  heat  occura  in  this  country 
after  midday,  there  is  no  numerical  proof  of  the  fact  available,  excepting  the 
lesalts  of  six  days*  obsen  ations  by  Professor  Daniell.  From  experiments 
made  by  him  in  June  (1822)  at  erery  hour  between  9*"  30"  a.m.  and 
7^  30*"  P.M.,  the  mean  highest  readings  of  a  black-bulb  thermometer  were 
obtained  between  1^  30"  and  2>'.  The  following  are  the  means  for  fire 
days: — 

li     m  o 
At  10  30    46 

12  30    63 

1  30    G5 

2  30    ....    63 t 

It  may  be  assumed,  then,  that  on  days  when  the  sun  is  shining  both  in  the 
mormng  and  afternoon,  sohir  rudistion  is  of  highest  apparent  force  after  C^t- 
2hify  wiaMaut  of  w^pouf,^Th»  means  of  vapour-tension  have  been  de- 
duced at  1 0^  A.if noon,  and  2^  from  the  bi-horary  ohserrsitions  at  Greenwich 
in  1842-47 ;  the  following  Table,  which  contaiiis  the  monthly  results  for 
each  of  these  hours,  shows  that  the  means  at  2'*  are  higher  tlian  those  at 
10^  A.M4t  or  at  noon,  in  erciy  month  from  March  to  September 

From  TMkb  LY.,  LTIIL*  and  UL.  Toronto  Observations,  toL  iL  The  nexinm 

of  heat  and  rnpour  occur  at  Toronto  in  J\ily  and  August^  Tapour-teaurion  at  in  July 
being  '069  higlier,  and  in  August  '106  higher  than  in  June. 

t  Daniell's  '  Meteorology,'  toI.  ii.  p.  1 13. 

I  Ibid.  pp.  114-118.  On  anothrr  favmirable  day  in  Juno,  Professor  Daniell  obtainctl 
the  following  results  with  a  *»olar  thtraioiueler  covered  with  black  wool : — at  lO"*  A.M.  1 1 1**; 
•t  noon  120*;  at  2^  tM.  149^ ;  at  2^30^  rji.  138°.  Sinoe  Uiis  paper  was  in  type,  I 
Ibd  Ibew  rcmilto  are  confirmed  by  obeerrations  made  in  March  1858  by  Mr.  H.  S.  Eaton. 
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HbnCltlj  Means  of  Vapour-Tension  at  Greenwich  at  22*,  0*,  and  2* 

(1842-17). 


Hour. 

^^arch, 

April. 

May. 

« 

June. 

Jttlj. 

August*. 

Sepia 

h 

22 
0 
2 

•236 
•246 
+•249 

0'2B4 

0-294 
+0-297 

0-357 

o-3r', 
+0'3ati  j 

0-437 
0-440 
+0*449 

0-462 

0-469 
+0-475  1 

0-47$ 

0-483 
+0-486 

0-427 

0-441 
+  0-444 

The  mean  increase  of  vapoar  from  10*  to  noon  is  -OlOi  and  the  mean 
mercMe  from  noon  to  2*  is  -0034.  In  six  of  the  months  the  mean  incivase 

ia  in  each  case  '0031. 

.  The  results  accord  with  the  a^snmed  «1ate  of  maximum  radiation 

Jctinometer-observalions.^Th^  obscrvationaof  theactinometer  made  by 
Mr.  Nash  at  the  Royal  Observatory  in  1804  snpply  further  evidfoee  of  the 
fact  that  the  maxima  of  radiation  ocoor  in  the  antamn,  and  after  0* 

I  have  extracted  the  mean  results  of  the  seferal  groaps  of  observations 
which  were  taken  at  or  near  the  same  elevation  of  the  son,  in  the  months 
of  August  and  September  in  autumn,  and  in  the  months  of  March  and 
Aprd  m  spring  and  find  that  the  tduo  of  the  mean  inorease  of  the  scale 
readm^i  m  the  autumn  is  about  100- per  eent  greater  than  in  the 
spnngj. 

The  mean  increase  of  the  seale-readingsin  March  and  April  is  19-4. 
Ihe  meanmcreaseof  thes«Ie-readingsinAng«sta^ 
The  difference  is  20%  at  the  same  mean  altitude  of  the  nm. 
The  means  of  the  contemporaneous  observations  of  the  vacnum-thermo- 
meter  on  the  grass  were  as  follows 

In  March  and  April   /O^-S 

In  August  and  September  • . .   84**7  f! 

Tlie  difliBrence  is  U°'4, 

aJ!^^  ^  ^^'^  "i'^"^     in  Mardi  and 

Apffl       and  m  August  and  September  -34. 

IIhI ^ ^ ^"^^      ^ ^ '»P«» » h«bar  at 4^ |^ 

t  Stt  'areenwich  Meteorological  Jlmlts»*  18H  p.xxxnii. 
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'  Tablb  TL 

Meaa  Bctults  of  Aciinoineter-observaUons  at  Greenwich,  March  aiid 

April  1864. 


Month  and 

Mean  lolar 
Mine* 

Mean  resoltt 
inicale-di- 

Altitude  of 
sun* 

State  of  iky. 

Ifardi83. 
M. 
18. 
18. 

24. 

15. 

't    April  1 5, 

:  20. 

March  2i. 

h  ra 

2  29 

22  23 
2  9 

0  86 

1  32 

23  51 

2  2§ 
2  28 

0  10 

19-7 

14-  2 
21*1 
20*4 

17-0 
19-1 
27-1 

25-5 

15-  3 

A 

82 
32 
36 

36 

37 
37 
38 

30 

Light  cirri. 

Cloudiest. 

Clear. 

Clear. 

Clear. 

Clear.    Light  cloud. 
Clear. 

Ugbt  eifii  iNWfafent. 

Clear. 

MevH* 

*.»*f. 

18-4 

88 

Oliir. 

Tablb  YII* 

Meaa  Eesulu  of  Actiuometer-observatlous  at  Greenwich^  Aa^t  and 

September  1864. 


Month  and 
,  daj. 

Mean  solar 
time 

Mean  results 
inrada^dU 

i 

Altitude  of 
son. 

Statacfikf* 

August  30. 

September  14. 

14. 

Arnault  26. 
26. 

88. 

5. 

h  m 

3  26 

22  8 
88  18 
3  0 
8  58 

838 

8  3 

,  41-6 

43-3 
84*7 

38-3 
32*4 

40>1 

41-7  . 

o 

30  1 

34 
35 
35 
36 

86  1 
88 

Cloudless  (thunder 

in  eveninp). 
Sun  free  /rom  cloud. 
Light  dnri  ortr  mm. 
Sun  free  from  cloud. 
Sim  free  frnm  cloud. 
Clear    (amount  of 

ctoad  in  afteraooD  9. 

cirrocumuH,  cimts). 
Ckmdleit. 

Means 

39-6 

35 

Cloud  geaoR  ha* 
ant* 

Of  tiiA  nrf  hm  olMemtim  m  Mtj  and  July  which  were  ayailable  fbr 
eomptrison,  the  aeale-reediDgB  m  Jv^  man  ftnnd  to  readi  liur  higher  Tilnee 
than  in  May*. 


*  ThB  obterfaliona  at  dtiliidflBbel«aeB34*aiid20^mM««hatid  Oeloberahow^ 
■ifloflar  nmlta.  Below  24"  and  abore  6Cf  there  wen  no  obeerrationa  that  were  coni* 
paiabla. 
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Table  VIII. 

Results  of  Actiuometcr-obscnrations  in  May  and  July  18G1. 


Month  and 
day. 

Mean  solar 
time. 

Mean  reiultt 

in  scalC'di" 
Tiaioiii. 

Altitude  of 
sun. 

State  oT  iky. 

Mar  16. 
16. 
Ifi. 

r 

h  m 
2  17 
0  28 
0  14 

28-3 
21-4 
237 

o 

47 

« 

Cloudless. 
Clovdleai. 

July  11. 
5. 
13. 

2  19 
1  7 
S3  18 

467 
36-6 
39-3 

50 
58 
58 

Clear  about  aun. 

Clear. 

CMten. 

The  raeitn  tension  of  Tapour  m  May  was  *dO,  in  July  *d8.  . 

The  last  Table  contains,  in  parts  of  seale,  the  results  td.  gronps^of  obser- 
vations near  midday  and  2  p.m.,  on  three  days,  in  Mardi,May,  and  July. 
The  naximnm  in  each  case  occurs  at  the  later  hour* 

Table  IX. 
Aetinometer-obsenrations  at  0^  and  2^* 


Month  and 
day. 

Mean  solar 
time. 

Mcau  result 
in  tcale-di- 
iriiaou. 

Altitude  of 
•un. 

• 

State  «f4y.' 

March  24. 

24. 

h  m 

0  49 

1  32 

14-3 

i:  n 

"> 
31> 

*^  ■ 

May  16. 
16. 

0  28 
2  17 

21*4 
88-3 

56 
47 

doadloia. 

■  '  ■  ■  *^ 

July  U. 
14. 

23  37 
8  13 

48-6 
57*6 

69 
60 

Cliau41<^&>       .  ^ 

riiMMiiftt, 

The  great  aooordance  between  the  foregoing  results  renders  it  uoneceisary 
to  adduce  fhrther  evidence  of  the  occurrence  of  maximum  insolation  some 
connderable  time  after  the  summer  soktioe  and  after  &\ 

Inereaud  woUtr  radintion  suppoted-  to  be  due  to  the  aetkn  of  aquecma 
wpomr, — ^Herr  von  Schla^tweit,  ajiplying  Professor  Tyndaire  discovery 
of  the  absorptive  properties  of  aqueous  vapour  to  the  phenomenon  of  inso- 
lation, attributed  the  hig^  readings  of  his  solar  thermometer,  in  certain 
parts  of  India,  to  the  fact  that  air,  when  hi^ly  chaq;ed  with  moisture, 
impedes  ftee  radiation;  that  is  to  say,  the  air  restores  to  the  instrument 
some  portion  of  the  heat  which  has  been  radiated  off  from  it. 

A  like  cause  has  been  recently  assigned  ibr  the  variations  in  temperature 
which  take  place  on  clear  nights  in  Madrss  under  different  tensbns  of  va- 

*  Compare  oUcrraiiona  on  the  same  day  at  0*  26*  and  0**  14". 
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•ponr»  those  nigb(s  being  considered  dear  in  which  the  percentage \>f  cloud 
did  not  exceed  'lO.  It  wts  found,  on  a  careftil  tahttUdon  of  hontly  ohMT-> 
nations,  that  the  fall  in  temperature  was  deddedly  greater  when  the  quantity 
of  vapour  was  relatiyely  small*. 

Cloud,  haze,  and  f  of  ike  aimotphere  more  proiatly  the 

principal  cause  of  the  phenomenon. — ^It  appeared  of  much  importance  to 
ftscertain  whether  the  presence  of  cloud,  and  the  imperfect  state  of  trans- 
I  art^iic)  in  the  sky  which  usunlly  accompanies  it,  may  not  have  materi- 
nlly  assisted  in  i  roducing  the  results  alluded  to  in  the  last  paragraph,  and, 
it  fortiori^  nccoinit  for  the  increased  insolation  iiuLiccd  iu  cloudy  weather  in 
various  parts  of  India — e.  g.  *'  on  days  in  the  rainy  season  when  the  clouds 
are  temporarily  broken,"  and,  asm  Sikkim,  "when  a  break  in  the  clouds 
of  an  hour  or  two  had  to  be  watched  for  to  obtain  observations  of  solar  ra- 
diation "  (Scblagintwcit,  *  Meteorology  of  India,*  pp.  49  &  51). 

To  test  this  jjoint,  the  results  of  the  observations  for  the  four  vonrs  end- 
ing 1844,  over  which  the  inquiry  at  Madras  extended,  were  divided  into 
groups  of  eontemporaneous  obaer\  ation8  of  temperature,  vapour-tenjfion,  and 
percentage  of  rlcnr  sky,  when  the  mean  nnnicrical  results  showed  that  a 
prog^ressive  fp.U  of  ai)out  1°  F.  for  every  MO  of  vnponr-ten«ion  was  nccom- 
pnuied  by  a  proportionate  increase  iu  the  jjcrcentage  of  clear  sky, — a  result 
which  is  the  more  significant  when  it  is  considered  that  the  infusion  of 
visible  cloud  was  limited  to  •  1 0. 

To  prevent  miatalce,  the  fall  in  temperature  on  the  nights  of  maximum 
clearness  was  compared  with  the  fail  on  nights  of  minimum  clearness 
within  the  limits  above  stated.  There  were  twenty-five  nights  which  were 
estimated  to  be  perfectly  clear,  and  twenty-two  nights  when  the  per. 
centage  of  clear  sky  ranged  from  -90  to  '93,  theayerage  being  *915  (1*000 
'representing  an  entirely  clear  sky).   The  results  were  as  follows : — 

The  mean  fall  of  temperature  at  an  estimated  clearness  of  skj  denoted 
by  1-000  was  8°-3  F. 

The  mean  fall  of  temperature  at  an  estunated  deaniess  denoted  hy  *915 
was  6^  F. 

The  difference  is  2^*3.  The  contemporaneous  mean  tensions  of  vapour 
were  *G8  and  *83  respectively. 

It  is  probable  then,  as  cloud  accompanies  humidity,  that  tension  of  vapour 
gives  some  indication  of  thes/e/<r  of  transpareneyofthesky,  whilst  afford- 
ing a  measure  of  the  quantity  of  invisible  vapour  in  the  air. 

In  any  case  it  is  suffidently  clear,  both  from  the  results  at  Madras  and 
from  the  slight  increase  in  the  tension  at  2**  p.bi.,  that  the  amount  of 
aqueous  vapour  alone  is  not  sufilcieut  to  account  for  increased  or  dimiuisbed 
solar  radiation. 

*  Phil.  Miig.  OctobtT  1^0*0;  where  ficu  Tables  find  inotliod  of  d'Hluotion. 

t  Tills  term  was  first  used  bj  Professor  Roscoe.  It  litre  rcprnwciitH  tiie  slate  of  the 
•tmosi^ere  at  the  monMntTapoiir  is  in  process  of  oondenaaUon  preritHKly  to  its  fgrma- 
tion  inkoelottd. 
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The  ezplanituia  of  the  phenomenon  of  the  of  in«)laCion  00. 

onning  on  dnje  of  gmt  reUUive  hmniditf  m  Indiib  howerer»  which  hailNB 
alreedj  allnded  to^  epplks  with  increaaed  foioe  to  the  absorptiye  propcnitt 
of  virible  mcnstnie ;  end  the  known  action  of  eren  the  lighteat  fim  of  doil 
in  radiatiDg  heat  to  the  earthy  would  pomt  to  thia  aa  the  piineipel  emeof 
the  phenomenon,  though  it  eannot  he  doubted  that  lome  of  the  eiMtii 
due  to  the  aetion  of  inTisible  vapour,  whether  as  wanned  dtnctlj  bj  Un 
johir  rays,  or  by  heat  deriTed  from  a  secondaij  ionrce. 

1%§  dependence  of  ierrettrial  heat  on  ffoponr  oiul  ete^«'->It  wai  to 
inereaaed  or  diminiahcd  radiation  under  a  ckar  or  donded  aky  that  the 
inflections  of  the  eurrea  of  mean  temperature,  which  I  eommumcatad  to 
the  Rojral  Society  in  May  1865,  were  ascribed*.  The  effects  produced 
were  on  that  occasion  considered  to  be  principally  due  to  radiation  at  nigbtf; 
but  an  examination  of  the  daily  means  proved  that  a  similar  action  occurred 
also  by  day  +  , — tlie  phenomenon  in  fact  depending,  as  iu  tiie  case  of  solar  ra- 
diation, ou  the  quantity  of  moisture  in  the  air. 

The  precise  values  of  heat  resulting  from  the  action  and  reaction  of  ioiai 
radiation  and  vapour  cannot  be  ascertained  until  mean  numerical  values  iuvt 
been  deduced  from  a  sufficient  number  of  iiourly  observations  to  afford 
trustworthy  data  for  deternnnation.  The  present  ])aper  iiu-rely  helps  to 
establish  a  relation  between  soiar  radiation  and  humidity,  and  suggests  an 
additional  cause  for  the  effects  which  appear  to  follow  from  it. 

*  It  has  nnoa  been  found  that  the  Tsloe  of  tlie  diflbraooe  of  temperatore  for  ttlj 
years  at  Gveeairieh,  due  to  terrestrial  radiatioa,  wis  wtj  muoh  undantated  by  m 

principally  rrom  A«  ful  that  thA  mean  temporal ii res  for  tiM  greater  pari  of  Ihe  m/b* 
period  had  been  corrected  br  qimntitics  in  the  Philosophical  Transactions  wWA  were 
afterwimL^  found  to  bo  erroneous,  and  hnvr  born  disused  at  Greenwich  for  several  yearfc 
All  the  concliiMioTiH  wlii  li  were  bused  spociiiiiy  on  the  results  for  fifty  years  miut  Haitt^ 
fore  be  considered  tui  wiiixdrawu. 

TbB  resolts  dnived  from  the  more  perfeot  means  for  periods  of  seven  and  eight  jeci 
art  oonflimed by  tha  Oxford  tfacnMgmplis,  and  almost identiad  SMolla  vUdil 
ibid  weraobtainad  fay  Dr.  Jladkr  ftom  titaeajmai  ohserratiQiis  at  Bariia  Burlf 
tfairty  years  ago. 

t  Sap  Bhn  '  Lectures  on  Sciontinc  Subjects,*  by  Sir  Joh&  Esrsohel,  1806^  p.  1^(10 
X  British  Aasooiatioa  Eeports,  186!),  p.  198. 
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Appkiidix. 

No.  1. 


Monthly  Mean  Maximum  Solar  Kidiation  at  GMonwicli  (1860-64). 


Yew. 

Hay. 

June. 

July. 

August. 

September. 

o 

1860. 

lo:{-7 

mo 

10.V6 

m:> 

07 

1861. 

iHi-7 

114  5 

lOGU 

1888. 

lOS-l 

100^ 

im 

WTO 

1803. 

1041 

1072 

106-5 

0-29 

1864. 

031 

09-3 

103-7 

100-1 

i)0-7 

Metaa* 

97*8 

108-2 

106-2 

107-6 

67-5 

No.  2. 

MonOily  Mean  Tenm  of  Vapour  at  Greenwidi  (1860-64), 


Year. 

Hay. 

June. 

July. 

Aogntt. 

September. 

i8ea 

0-312 

0-307 

0-393 

0396 

0-304 

1861. 

0^ 

0-404 

0-413 

0-496 

0-360 

0':\r,r> 

0-31)2 

0-304 

0-410 

0-.T.)(» 

0-302 

0-364 

0-384 

0-412 

0-320 

1864. 

0*306 

0-344 

0382 

  .  

0-a33 

a3r>7 

0^314 

0-364 

0-3U3 

0307 

0^361 

No.  3. 

Monthly  Maaa  Wdght  of  Gnbio  Foot  of  Air  at  Greenwieh  (1860-64). 


Year. 

2iay. 

June. 

July. 

August. 

September. 

gn. 

gf- 

1860. 

35 

4-0 

4-4 

4-4 

^1 

1861. 

3-2 

4-6 

4-6 

4-9 

4-1 

1862. 

4-0 

4K) 

4-5 

4« 

44 

1863. 

3-4 

41 

43 

4-5 

3-6 

1864. 

3r> 

3-0 

4-2 

3-7 

4*0 

Means* 

8-5 

4rl 

4*4 

44 

4-0 

*  BitnetodliroiBChmBnrichOliMnatiim 
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No.  4. 


Yapour-Tcnsum  at  10*  a.m.  «t  Greenwicli  (1842-47). 


Year. 

31arcb. 

ApriL 

Maj. 

June. 

Jul  J. 

August. 

Sept 

Oct. 

1842. 

0-263 

0-255 

0-.'J.>4 

0-425 

0-527 

0442 

0-285  ; 

184;j. 

0-260 

0-302 

0-383 

0-400 

0-467 

0-498 

0-461 

0-304  1 

1844. 

0*2.T8 

0-320 

0-352 

0+12 

(1-452 

0-423 

04.'r» 

1845. 

0187 

0-282 

0-323 

0-467 

0-459 

0-432 

0-382 

0-349 

IMA. 

0^1 

OW 

o-aei 

0*518 

0^1 

0-404 

0485 

0-364 

1847. 

0-210 

0^ 

0*872 

O'OT 

0-481 

0-465 

0-376 

om 

Sunu) 

1-41'.) 

1-705 

2-145 

2-625 

2775 

2-839 

2561 

Means'^ 

0  236 

0-284 

0-357 

0-437 

0-462 

0-473 

0427 

0-333 

No.  5. 

Vapoar-Temioii  at  noon  at  Greenwich  (1842-47)* 


March. 

ApriL 

Hay. 

June. 

July. 

Augutt 

Sept. 

OtL  1 

1842. 
1843. 
1844. 

1845. 
184<). 
1847. 

0-280 
0-271 
0-250 

0190 
0-266 
0-219 

0-270 

0-;i09 

0337 
0-295 
0305 
0-247 

0-358 
0-390 
0-358 
0-331 
0-377 
0-375 

0-470 
0-407 
0-42.3 

04,^ 
0-4'.  »8 
0-388 

0-437 
0-4«,)3 
0-459 

(>-4<i2 
0-489 
0-476 

0-546 

o-4tn) 

0-429 
0-445 

0-491 
0^491 

0-447 
0-478 
0-456 
0-397 
O470 

o-aoo 

■  ■  1 

0-315 
0-324 
0-343 

o-:i.->4 
o-aifi 

0-389 

Sums 

1-476 

1-763 

2  \ 

2G74 

2VHJ1 

2044 

2-061  j 

MwiM* 

0-246 

0-294 

0966 

0446 

0469 

0488 

044I 

Od47 

No.  6. 

Vaponi-TeDBii 

9a  at  2^  P.M.  at  Greemridi  (1842-47). 

Year. 

Ifaicb. 

April. 

Maj. 

June. 

July. 

August. 

Sept. 

1 

Oct. 

1842. 
1843. 
1844. 
1845. 
1846L 
1847. 

0284 
0-27.*i 
0-253 
0-197 
0-271 
&218 

0-2G9 
0-318 

o-.m 

0-292 
0811 
0245 

0-355 
0-393 

o:{7n 
0-333 
0379 
0981 

0472 
0-419 
0-432 
0-496 
0*486 

om 

0-435 
0-501 
0-470 
0-469 
0488 
0486 

0-546 
0-508 
0431 
0445 
O401 
O406 

0-447 
0-476 
0-4;>3 
O406 
0478 
0407 

 1 

0-317  1 
0324 

oa8i 

SumH 

1-496 

1-781 

2-211 

2-696 

2-849 

2-917 

2-664 

2-071  , 

 j 

Means* 

0-249 

0297 

0-368 

0449 

0-475 

0-486 

1  0444 

1 

*  Tht  meane  are  inaerted  in  Table  Y. 
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FaU  of  (empenatare  at  Madras,  by  lugbto > 


1. 

Eutireljr  cOear  «kj  (1000). 
25iiigliCB. 

1*5 

71 

8-  5 
7-7 

7-  6 
11*2 

9-  5 
9-/5 
9-1 
6-9 

9(; 

90 
12-2 
81 
9-4 

frO 

8-  2 
4-9 
M 
8-7 
8-2 
7*6 

10-6 
9'4 
 ^6;6 

36)20711 

8$ 


Puiially  clouded  aky  (-915> 
22  nights. 


Percental 

a 

clear  hI 

4*8 

*900 

0-2 

0*4 

4-6 

•910 

r,.o 

7-6 

fl.Q 
0"«J 

o*4 

IC.Q 

30 

•920 

7-2 

7(5 

60 

0-7 

6-7 

•9ao 

4-2 

64 

4'0 

)  132-0 

6H> 


•915  Mean. 


At  Fort  Franklin,  Sir  John  Richardson  foimd  that  the  maanram  of  aolar 
ladiation  was  obtained  in  the  igpru^  and  at  noon.  Mr.  Forbea  aeoouhted 
Ibr  this  hy  the  ftet  that  the  ann^a  nya  were  leflecCed  from  the  mom,  and 
thns  the  bulb  oC  the  thennometen  receiTed  tefleeted  as  welt  as  direet  lajs 
of  annshine. 


II.  ''On  the  GoiiTersion  of  Dynamical  into  Eleetrical  Force  with* 

out  the  aid  of  Permanent  Majpietism."  By  C.  W.  Siemens^ 
JF.R.S.    Received  February  4,  1807. 

Since  the  great  discovery  of  magnetic  electricity  by  Faraday  in  1830, 
electricians  hsTC  had  recourse  to  mechanical  force  for  the  pnidnction  of 
their  most  powerful  effects ;  but  the  power  of  the  magneto-electrical  ma- 
chine seems  to  depend  in  an  eq[nal  measure  upon  the/oree  exfenMon  the 
one  hand,  and  upon  permanent  maptetiim  on  the  other. 

An  esperiment,  however,  has  been  lately  suggested  to  me  by  my  brother, 
Br.  Werner  Siemens  of  Berlin,  which  proves  that  permanent  magnetism  is 
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not  requisite  in  order  to  contert  wuidituAeal  into  eteeirical  force ;  and  tke 
mult  obtained  by  tliis  eiperiment  is  femarkable,  not  only  becaiise  it  de> 
monstrates  tbii  hitherto  nnrecogniied  fact,  bat  also  because  it  pmides  a 
simple  means  of  piodneing  veiy  powerful  eleetncal  effects. 

The  apparatus  employed  In  this  experiment  is  an  electro-mag;netie  nuduae 
consisting  of  one  or  more  horseshoes  of  soft  iron  surroanded  with  inanlated 
wire  in  the  osnal  maaner«  of  a  rotatbg  keeper  of  soft  iron  sarronnded 
also  with  an  rasnlated  mre,  and  of  a  commutator  connecting  the  r^pectiTc 
coils  in  the  manner  of  a  magneto-electrical  machine.  If  a  galvanic  battery 
were  connected  with  this  arrangement,  rotation  of  the  keeper  in  a  given 
direction  would  ensue.  If  the  battery  were  excluded  from  the  circuit  ari  1 
rotation  imparted  to  the  keeper  iu  the  opposite  dirt'ctiou  to  tliat  resukiug 
from  tlie  galvanic  current,  there  would  be  no  electrical  effect  produced, 
supposing  the  electro-magnets  were  absolutely  free  of  magnetism  ;  but  by 
inserting  a  battery  of  a  single  cell  in  the  circuit,  a  certain  magnetic  condition 
would  be  set  op,  causing  similar  electro-magnetic  poles  to  be  forcibly  ap- 
proached to  each  other,  and  dissimilar  jmles  to  be  forcibly  severed,  alter- 
nately, tlic  rotation  bcinp:  contrary  in  direction  to  that  which  would  be  pro- 
duced bv  the  excitins  current. 

Each  forcible  approach  of  similar  poles  must  aui^nicnt  the  niagneiic  ten- 
sion and  increase  consequently  the  power  of  the  cirrulatini;  current  ;  the 
resistance  nf  the  keeper  to  the  rotation  must  also  increase  at  every  step 
until  it  reaches  a  maximum,  imposed  by  the  amiable  force  and  the  con- 
ductirity  of  the  wires  employed. 

The  cooperation  of  the  battery  is  only  uere^f^ary  for  a  moment  of  lime 
after  the  rotation  has  commenced,  in  order  to  introduce  the  magnetteactioiv 
which  will  thereupon  continue  to  accumulate  without  its  aid. 

With  the  rotation  the  current  ceases ;  and  if,  upon  restarting  the  machine^ 
the  battery  is  connected  with  the  circuit  for  a  moment  of  time  with  its 
poles  reTersed,  then  the  direction  of  the  continuous  current  prodoctHl  by 
the  machine  will  also  be  the  lererse  of  what  it  was  before. 

Instead  of  employing  a  battery  to  commence  the  accumulative  actkn  of 
the  machine,  it  suffices  to  touch  the  soft  iron  bars  employed  with  a  perma- 
nent msgneti  or  to  dip  the  former  into  a  position  psrallel  to  the  magnetic 
aiis  of  ^e  earth.  In  order  to  produce  the  same  phenomenon  as  befeie. 
Fhictieally  it  Is  not  even  necessary  to  give  any  external  impulse  upon  re- 
starting the  maehiney  the  residuary  magnetism  of  the  electro-mi^etie 
arrangements  employed  being  found  sufficient  for  that  purpose. 

The  mechanical  arrangement  best  suited  for  the  production  of  these  cor* 
tents  is  that  originally  proposed  by  Br.  Werner  Siemens  in  1857^  consist- 
ing of  a  cylindrical  keeper  hollowed  at  two  sides  for  the  reception  of  insu- 
kted  wire  wound  longitudinally,  which  is  made  to  rotate  between  the  poles 
of  a  series  of  permanent  magnets,  which  latter  are  at  present  replaced  by 

«      Du  Monoel « gur meokrioi^'  lao^pagam 
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electro-magnets.  On  impartlug  rotation  to  the  ermature  of  such  an  arrange* 
ment,  the  mecbnnical  resistance  is  found  to  Increase  rapidly,  to  such  an 
extent  that  either  the  driving-strap  commences  to  slip  or  the  insulated 
wires  constituting  the  eoils  aie  heated  to  the  extent  of  tgnlting  tbdr  insu- 
lating silk  covering. 

It  is  thus  possible  to  pioduce  mechanically  the  most  powerful  electrical 
or  calorific  effects  irithoul  the  akl  of  steel  magnetic  which  latter  are  open  to 
the  practical  objeetioa  of  lonng  their  permanent  magnetism  in  use* 

III.  "  On  the  Augmentation  of  the  Power  of  a  Magnet  by  the  reaction 
thereon  of  Currents  induced  by  the  Magnet  itself.'*  By  Cha&les 
Wbeatstons,  F.B.S.   Eeceived  February  14»  1867. 

The  magneto-electric  machmes  which  have  been  hitherto  described  are 
actuated  cither  h j  a  pennanrot  magnet  or  by  an  electro-magnet  deriving 
its  power  from  a  rhcomotor  placed  in  the  dteuit  of  its  coU.  In  the  present 
note  I  intend  to  show  that  an  electro-magnet,  if  it  possess  at  the  oommence« 
ment  the  slightest  pdarity,.  may  become  #  powerful  magnet  by  the  gndtt> 
ally  augmenting  currents  which  itself  originates. 

The  IbUowing  is  a  description  of  the  form  and  dimensioos  of  the  deetro^ 
magnet  I  have  employed.  The  construction,  it  will  be  seen,  is  the  same  as 
that  of  the  electro-magnetic  part  of  Mr.  Wilde's  machine. 

The  core  of  the  tkcti  o-magnet  is  formed  of  a  plate  of  soft  iron  15  inches 
in  length  and  ^  an  inch  in  breadth,  hent  at  the  middle  of  its  length  into  a 
horseshoe  form.  Round  it  is  coiled  in  the  direction  of  its  hreadth,  640 
feet  of  insulated  copper  wire  -^^  of  an  inch  in  diameter.  The  armature, 
which  is  according  to  biemens's  ingenious  construction,  consists  of  a  rota- 
ting cylinder  of  soft  iron  8^  inches  in  length,  grooved  at  two  opposite  sides 
so  as  to  allow  the  wire  to  he  coiled  upon  it  longitudinally ;  the  length  of 
the  wire  thus  coiled  is  80  feet,  and  its  diameter  is  the  same  as  that  of  the 
electro-magnet  coil. 

When  this  electro-magnet  is  excited  by  any  rheomotor  the  current  from 
which  is  in  a  coustaut  direction,  during  (he  rotation  of  the  armature  cur- 
rents nre  generated  in  its  coil  during  eacli  seniirevolutioii,  which  arc  aiter- 
nateiy  in  opposite  directions ;  these  alternate  currents  may  be  transmitted 
unchanged  to  another  part  of  the  circuit,  or  by  means  of  a  rheotrope  be 
converted  to  the  same  direction. 

If  now,  while  the  circuit  of  the  armature  remains  completed,  the  rheomo> 
tor  be  removed  from  the  electro-magnet,  on  causmg  the  armature  to  revolve^ 
however  rapidly,  it  will  be  found  by  the  interposition  of  a  galvanometer,  or 
any  other  test,  that  but  very  slight  effects  take  place.  Though  these 
effects  become  stronger  in  proportion  to  the  residual  magnettim  left  in  the 
electro-rongnet  from  the  previous  action  of  a  current,  they  never  attain  any 
considerable  amount. 

But  if  the  wires  of  the  two  circuits  be  io  joined  u  to  form  i  single  cir» 
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cuit,  in  which  the  currents  generated  by  the  armature,  after  being  cbangd 
to  the  Mme  direction,  act  lo  as  to  increase  the  existiDg  polarity  of  the  flee* 
tro-magnet,  very  difterent  results  will  be  obtained.  The  force  reqoifedt* 
move  the  machine  will  be  far  greater,  showing  a  great  increase  of  magnetie 
power  in  the  horseshoe ;  and  the  existence  of  an  enei^getic  enrrent  io  the 
wire  is  shown  by  its  action  on  a  galTanotnetery  bj  its  heating  4  inehciof 
platinam  wire  *0067  m  diameter,  hj  its  making  a  powerful  eketfo-asgpet, 
hy  its  deoomposing  water,  and  hj  other  tests* 

The  explanation  of  these  effects  is  as  fdllowa *The  dectro-nsiBrt 
always  retains  a  slight  residnal  magnetism*  and  is  therefore  in  the  condiliin 
of  a  weak  permanent  magnet ;  the  motion  of  the  armature  occasions  fceUe 
currents  in  alternate  directions  in  the  coQs  thereof  which,  after  beisgie* 
duoed  to  thi  same  direction,  pass  into  the  coil  of  the  electro-magnet  is 
such  manner  as  to  increase  the  magnetism  of  the  iron  core ;  the  wiMt 
having  thus  leoeiTed  an  accession  of  ttrengtb,  prodnees  in  ita  tomsNR 
eneigetie  corrents  m  the  coil  of  the  armature;  and  these  alternate  aete 
continue  until  a  maximum  is  attamed,  depending  on  the  nqfiidity  of  Ik 
motion  and  the  capacity  of  the  electro-magnet. 

IS  the  two  ooils  he  connected  in  such  manner  that  €t»  icetiied  coRot 
ftom  the  ooQ  of  the  armature  passes  into  the  coil  of  the  electro-mmnet  ii 
the  direction  which  would  impart  a  contrary  magnetism  to  the  iron  cm^ 
no  current  is  produced,  and  consequently  there  is  no  angmentation  of  iMg- 
nctism. 

It  is  easy  to  prove  that  tlic  residual  maguetisiii  of  the  electro-msgnet  ii 
tlie  determining  cause  of  these  powerful  effects.  For  this  pur]>05e  it  i* 
sufficient  to  pass  a  current  Ironi  a  voltaic  batterj%  a  magneto-electric  roi- 
chine,  or  any  other  rheomotor,  into  tlic  coil  of  the  clectro-mag^iet  in  eitiier 
direction,  nml  it  will  invariahly  be  found  that  the  direction  of  the  currcijt, 
however  [iowerful  it  may  eventually  become,  is  in  accordance  with  the  [mo- 
larity of  the  magnetism  impressed  on  tlie  iron  core. 

If,  instead  of  the  currents  in  the  coil  of  the  rotatins;  ai  ni:iture  being Tf* 
duced  to  the  same  uniform  direction,  they  retain  their  alternation?,  no  effects 
or  at  most  very  small  differential  ones,  are  produced^  as  uo  accumulatkw  of 
magnetism  then  takes  place. 

I  will  now  call  attention  to  the  fact  that  stronger  effects  are  produced  «t 
the  first  moment  of  completing  the  combined  circuit  than  nf terwan?* 
The  machine  having  been  put  in  motion,  at  the  first  moment  of  comptetiut' 
the  circuit  4  inches  of  platina  wire  were  made  red-hot,  but  immediately 
allerwards  the  glow  disappeared,  and  only  about  one  inch  of  the  wire  could 
be  permanently  kept  at  a  red  heat.  This  diminution  of  effect  was  nccoir.- 
panied  by  ft  great  increase  of  the  resistntice  of  the  machine.  The  cau^  ot 
the  momentary  strong  effect  was,  that  the  machine  from  its  acquired  mo- 
mentum continued  its  motion  for  a  few  seconds,  though  it  required  a 
stronger  force  than  could  be  applied  to  maintain  that  motion.  Each  tiae 
the  drcttit  is  broken  and  reoompleted  the  same  effect  recnn. 
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On  bringing  the  primar/  coll  of  an  inductorium  (RubmkorfiTs  coil)  into 
the  eurciiit  formed  by  comiecdng  the  (xnJs  of  the  electro-magnet  and  rota- 
ting  annatnrey  no  spark  occurs  in  the  secondary  coil.  On  accoont  of  the 
great  reaiatanoe  of  the  ciiciiit»  which  now  also  indodea  the  prhnaiy  eoil  of 
the  inductoriunit  the  current  is  not  in  sufficient  qnantitj  to  produce  any 
noticeable  inductiTC  effect. 

A  TCiy  remarkable  increase  of  all  the  effects,  accompanied  by  a  diminu- 
tion in  the  resistance  of  the  machine^  is  observed  when  a  cross  wire  is 
placed  so  as.  to  dirert  a  great  portion  of  the  current  from  the  electro- 
magnet. The  four  inches  of  platinum  wire,  instesd  of  flashing  into  redness 
nnd  then  disappearing^  remains  permanently  ignited.  The  inductorium* 
which  before  gave  no  sparl^  now  gare  one  a  ipiarter  of  an  inch  in  length ; 
water  was  more  abundantly  decomposed ;  and  aU  the  other  effects  were 
aimilarlv  increased. 

I  aoeonnt  for  this  augmentation  of  the  effects  in  the  foUowbg  way : — 
Though  so  much  of  the  current  is  diverted  from  the  eleetnHoaagnet  by 
tlie  crass  wbre,  the  magnetic  effsct  still  continnes  to  accumulate,  though 
not  to  so  high  a  degree ;  but  the  current  generated  by  the  armature,  passing 
through  the  short  circuit  formed  by  the  annature-branch  and  cross  wire, 
experiences  a  far  less  resistance  than  if  it  had  passed  through  the  armature 
and  electro-magnet  branches ;  and  though  the  electromotive  force  is  less, 
the  resistance  liaving  been  rtudered  le&i  iu  a  mucii  tjrcater  proportiou,  the 
resultant  effect  is  greater. 

I  must  observe  that  a  certain  amount  of  resistance  in  the  cross  wire  is 
necessary  to  produce  the  maximum  effect.  If  tlic  resistance  be  too  small, 
the  electro-mafimet  does  not  acquire  sufficient  magnetism  ;  and  if  it  be  too 
great,  though  the  magnetism  becomes  stronger,  the  increase  of  resistance 
more  than  couiiterbfiknccs  its  effect. 

But  the  effects  already  described  are  far  inferior  to  those  obtained  by 
CRUsini^  thcru  Lo  take  place  in  the  cross  wire  itself.  ^V!tl)  the  same  appli- 
cation of  ibrce,  7  inches  of  plntinum  wire  were  made  red-iiot,  and  sparks  were 
elicited  in  the  imluctorium  2\  inches  in  length. 

The  force  of  two  jdcu  was  cmployefl  in  these,  as  well  as  in  the  other  ex- 
periments. When  the  interrupter  of  the  j>rimary  coil  was  iixed,  the  ma- 
chine was  much  easier  to  move  than  when  it  acted.  For  when  the  intor- 
rupter  acted,  at  each  moment  of  intemtptton  ^hc  cross  wire  being,  as  it 
were»  removed^  the  whole  of  the  current  passed  through  the  electro-magnet, 
■and  consequently  a  greater  amount  of  magnetic  energy  was  excited,  wliile 
in  the  intervals  during  which  the  cross  wire  was  complete  the  current 
passed  mainly  throu^^h  the  primary  coil. 

The  effects  are  much  less  influenced  by  a  resistance  in  the  elcctro-msg* 
net  branch  than  in  either  of  the  other  branches. 

To  reduce  the  length  of  the  spark  in  the  inductorium  (the  primary  coil 
f)f  which  was  phiced  in  the  crois  wire)  to  |  of  an  incb«  it  required  the 
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stsfance  of  5^  incbes  of  the  fine  pktiinim  nire  in  tbe  cross  wire,  5  indMia 
the  armatme-bnmelix  and  4  feet  in  tlie  electro-mipiet  bnndi. 

When  there  was  no  extra  resistance  in  either  of  the  branehes^  tiie  lengjOi 
of  the  cross  wire  being  only  about  a  fsw  ftet^  the  intensity  of  the  enmnt 
in  the  electro-magnet  branchj  compared  with  that  in  the  cross  wire,  was  ss 
1 : 60 ;  and  when  the  resistance  of  the  primaij  coil  of  the  indnctofiomwis 
interposed  in  the  cross  wire,  the  rdatiTe  intenrities  were  ss  1 : 42. 

In  conclusion  I  will  mention  that  there  is  an  evident  analogy  between 
tlie  auermciitcition  of  the  jiower  of  a  weak  magnet  by  means  of  an  inductiTe 
action  prucUiccd  ))y  kstlf,  and  that  accumulation  of  power  shown  in  iLc 
static  electric  machines  of  Holt z  aiul  u'liurs  which  have  recently  excitid 
considerable  attention,  in  whicli  a  very  small  quantity  of  electricity  ciir.cily 
excited  is,  by  a  scries  of  inductive  actions,  augmented  so  as  to  et^u  .1,  and 
even  exceed^  the  effects  of  the  most  powerful  machines  of  the  ordiuary  coo- 
struction. 

Fetruary  21, 1867. 

Dr.  W,  A.  MILIiEBr,  Treasurer  and  Yioe-FreudeiLtj  in  the  Chair. 

The  following  commimicatiou  was  read 

''A  brief  Account  of  the  'Thesanma  Silnriens/  with  a  few  &ets  vA 
inferences.''  By  J.  J.  Biqsbt,  MJD*  Commnnicated  by  Sr 
B«  L  MvncHisoK,  Bart  Reeeived  Jannary  28,  1867« 

I  ha?e  been  led  to  attempt  the  preparation  of  a  general  view  of  Silorisa 
life»  u  far  as  now  hnown,  by  my  own  frequent  want  of  such  a  reeord  or 
muster-roll  of  the  constituent  members  of  this  great  initiatory  dtvisioa  of 
palaeozoic  soology» — a  task  which  has  been  made  pleasant  bj some  pmsnal 
knowledge  of  two  countries  rich  in  the  earlier  formations. 

I  have  been  further  encouraged  by  the  great  accumulations  of  the  last 
few  years,  throngh  the  establishment  in  North  America  and  elsewheie  ef 
numerous  coll^^eSt  each  of  them  baring  become  the  centre  of  more  or  leas 
field*work.  Far  more  aid  still  has  been  derived  from  manf  public  anrveys 
on  a  tolerably  liberal  scale.  Nor  can  we  forget  the  highly  meritorious  and 
auccessM  labours  which  hsTC  been^  and  still  ar^  aanAed  on  by  piivals 
indiridusis  in  almost  eyery  part  of  Europe  and  North  America. 

As  this  undertaktDg  required  an  eaactttude  and  a  critical  skill  in  deter> 
mining  species  and  genera  according  to  late  improvements  incbuslficatiom 
much  beyond  an  ordinary  acquaintance  with  Silurian  life^  after  my  mate* 
rials  were  put  together,  I  obtained  the  very  valnable  aid  of  Mr.  J.  M". 
Salter,  late  FalRontologist  at  the  London  Museum  of  Fhictlcsl  Geolog;} . 

I  was  then,  through  the  kindness  of  l%r  Roderick  I.  Murehison,  Bart. 
'  sUowcd  to  sabmit  my  manuscript  to  Bobert  Etheridge,  Esq.,  F.B.S.E^ 
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the  present  Palieoiitologist  to  the  Imtitatioii  over  which  Sir  Roderick 
prendet* 

To  the  careM  raperintendence  of  these  two  eminent  naturalists  I  am 
indebted  for  corrections  and  suggestions  of  the  greatest  importance,  and 
particularly  as  relates  to  Britain  and  to  Europe  generally. 

Mj  matter  has  been  principally  found  in  the  voluminous  and  truly 
pi  ici  less  writings  of  Murchison,  Sedgwick,  Barrande,  Sowerby,  DeVemeuil, 
JiiitK  Hall,  M*^Coy,  Salter,  Hilliii  js,  Anj]^clin,  EichwalJ,  Shumard,  and 
Davidson — together  with  those  of  other  authors,  some  ot  whom  are  bciirecly 
of  inferior  merit*. 

I  have  been  fiivourcd  with  many  unpublished  contributions  from  my 
friends  Mr.  Bihuigs  (the  leanied  i*al;eontologist  of  the  Canadian  biuvey) 
aad  Principal  Dawson,  F.B.S.,  of  M'Gih  College,  Montreal, — also,  through 
the  kindness  of  Mr.  Salter,  from  the  Himalayas  (Colonel  Strachey,  U.E.), 
from  West  Tasmania  (Dr.  Milligan),  from  South  Wales  (Henry  Hicks* 
Esq.),  and  from  the  late  Mr.  Wyatt-Edgell. 

I  propose  to  give  to  this  eiibrt  the  name  of  "  Thesminis  Siluricus.** 
Besides  its  n«e  for  p:enernl  reference  in  tlie  closet  and  in  tlu  quarry,  the 
*  Thesaurus '  ])ro^  ides  a  lii2rh  station  fioui  which  the  student  may  obtain  a 
broad  survey  of  the  Silurian  populations  of  the  whole  earth.  Tt  will 
asaist  in  tracing  the  extent,  shape,  and  varying  depths  of  areas,  in  dis- 
covering regional  affinities,  differences,  and  those  great  zoological  seve- 
rances which  we  call  breaks.  By  its  aid  we  may  c(ftnpare  horizons 
nmote  from  each  other,  and,  moreover,  note  the  fiequent  changes  of 
many  kinds  which  take  place  while  the  epoch  is  working  out  its  Jong 
history.  It  will  place  under  <mr  cxaminainm  nomberiese  ooomunitiea  of 
life,  their  constituents,  habits,  rise,  and  decline. 

The  'Thesaurus '  pouiti  to  the  universality  (as  defined)  at  times  proximate 
•veiywhere,  brings  into  prominence  the  lieheSt  magnitude,  and  wide  dlffu- 
aion  of  the  Primordial  stage ;  illustrates  the  power  of  locality  over  life, 
and  opens  out  the  wondeiM  maieh  of  gcographio  dispenion  through  ob- 
tkidea  innumerable. 

For  a  long  period  natuialiita  km  been  ■mnglng  the  life  of  the  gM»o 
into  epedest  genen*  orders,  with  a  view  to  the  establishment  of  ^rpes 
as  stsndsrds  of  comparison*  It  is  from  such  dats*  well  oonsidered  and 
generally  acknowledged,  that  this  'Thesaurus '  has  been  compiled. 

As  long  as  sn  indindnal  mottnsk  remsiiis  unrsgisteied  it  is  deprifcd  of 
its  ftdl  usefnfaiess ;  but  erca  then  it  may  veml  an  important  feet— as  the 
.tiifebite  speaks  of  the  Fslmosoic  period,  and  a  nummutite  of  the  Tertiaiy. 

*  Aga^iz,  Beyridi,  Bronn,  Broogoisrt^  Conrad,  Dahnan,  D'Orbigny,  Yicomto 
d'Arcliiac,  Baw-on,  Eniincricli,  Emmons,  Fiacber,  E.  Forbes,  Goldfuas,  Green,  Ilnrk- 
ncj!s,  Hisinger,  Haimc,  Honcyinan,  Rupert  Jonc«,  Ketlcv,  Kutorga,  Lowrow,  Liiinn  u*, 
Lov<'ti,  Lonsdale,  M'Chcpncy,  ]\reek,  ^fptiPirhini,  Milne-Ed wardn.  Jriirri-;,  Owen, 
Pander,  riiilUps,  Vortlock,  learner,  Houault,  iSars,  Sharpe,  Suflord,  Swallow,  Triger, 
Yanaxiui,  Yon  Bneh,  Tblbortli,  Wohknbcig^  Wioohdl,  ke.  &c 
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Until  some  such  record  as  the  present  is  aTaOable,  the  labours  of  amy 

living  investigators  (whose  names  rise  to  the  lips  spontaneously)  will  rest 
comparatively  fruitless.  It  has  hitherto  not  been  possible  to  consider 
^dcly  scattered  existences  in  an  aggregate  form.  Faets  (many)  hare  been 
stored  up  separately ;  but  generalized  truths  haTe  been  rarely  attained. 

This  has  not  yet  been  done  in  a  satisfactory  manner,  not  even  by  Bronn  or 
GoliUuss  for  any  one  epoch,  and  scarcely  for  the  cretaceous  period  by  the 
American  geologist  Mr.  (iabb,  althuiigh  he  has  done  well. 

This  'Thesaurus'  contains  7f»r»3  species,  «nnd  therefore  gives  abuuJimt 
scope  for  profitable  study  ;  but  probai)Iy  it  docs  not  giv t  the  tithe  of  the 
will  Ir  Silurian  life  yet  lying  buried  in  the  wilds  of  the  Arctic  Circle,  of 
Hudson's  Bay,  Labrador,  the  two  Americas,  Scandinavia,  Australia,  ludia, 
&c.  &c.  -The  more  accessible  countries  frequently,  tn  day,  yield  new 
forms,  altlioiij^h  the  search  for  them  is  capriciously  raid  idly  conducted, 
and  is  dependent  often  on  the  accident  of  a  new  public  work  or  the  pre- 
sence of  a  competent  observer.  Many  undescriljed  species  are  lyiner  in 
local  museums,  still  more  in  the  great  collection  at  Prague  ia  the  posses- 
sion of  a  high  Kcclesiastic  in  that  city.  Owing  to  the  enlightened  perse- 
verance of  M.  Barrande,  a  few  small  pfirishes  close  to  Prnf^ie  have  yielded 
nearly  one-third  of  the  whole  earth's  iSilurian  remains  within  present 
knowledge ;  and  the  greater  part  of  these  are  not  met  with  elsewhere. 
How  wonderfully  rich  must  be  the  universal  Silurian  £iunal  What  a 
splendid  promise  to  the  future  explorer ! 

The  *  Thesaurus '  is  in  the  form  of  a  Table.  After  mentioning  the  genus 
(taken  alphabetically),  its  author,  and  the  date  of  its  establiahment,  tho 
apedes  are  successively  named,  and  treated  of  under  four  or  more  headi» 
along  one  and  the  same  ruled  line.  First  comes  the  part  of  the  stage  ia 
which  it  occurs,  then,  in  a  given  order,  its  author  and  locality,  or  localitMS^ 
in  the  column  indicative  of  its  proper  stage. 

More  information  is  thug  conveyed,  it  is  believed,  than  by  any  oCiiar 
form  of  Table.  The  summary  which  is  appended  to  eaeh  order  slioira  mmtt 
of  the  organic  relations  of  tiie  Silurian  system  in  Europe  and  m  America 
to  each  other ;  it  shows,  too,  how  very  little  we  know  as  yet  of  this  epoch  in 
Asia  and  Africa ;  and,  among  other  things,  it  tells  ns  the  numerical  atrenglh 
of  the  genenu  ... 

Permit  me  now  to  lay  before  the  Society  a  few  faets  drawn  from  the 
neia  smfaoe  of  the  '  Thesanms,'  and  only  in  the  way  of  sammaiy  or  brief 
lemark,  in  order  to'snit 'the  purpose  of  this  evening.  Mudi  more  thss 
this  the  careful  registration  of  more  than  50,000  facto  has  prevented  me 
from  doing. 

Hie  Table  A  (page  375)  gives  the  numerical  amount  of  the  Silurian  flors 
and  Anna  as  known  in  the  years  1B5G  and  1866  respectively. 
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Tablk  a. — Comparatire  nmnber  of  ipedes  known  in  1856  and  18<)6. 
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This  Table,  taken  from  Bronu's  Prize  Essay  published  in  ISjG,  and  from 
the  *  Thesaurus  Sihiricus/  shows  that  within  the  last  ten  ^ears  the  number 
of  known  species  has  more  than  trcblc(L 

Vmersalily. 

In  the  apiiit  of  tlie  .following  definition,  it  would  appear  that  the 
Silurian  system  la  universal— that  is*  it  overspreads  the  whole  earth  more 
or  leas  eompletely^^and  that  its  component  parts  were  laid  down  in  a 
proximate  time,-Hitatements  approved  by  M.  Barrande,  Bull.  n.  s.  xii.  361. 
Definitkm : — **A  formation  may  he  eoiuidered  to  be  taUversalwhen  U  oecv- 
jnea  luf^^e  and  maU  areat  in  very  many  parte  of  the  earth,  often  remote 
from  and  even  antipodal  to  each  other ,  when  it  ie  always  of  like  eirati' 
graphietd  relations,  is  composed  of  like  materiaU,  and  eontame  numeroue 
genera  in  common,  together  with  some  representative  and  some  identical 
epecies" 

In  support  of  our  application  of  this  definition  to  the  Silurian  system,  the 
•Thesaurus  '  exhibits  the  widest  possible  distribution  of  its  fauna— a  fauiKi, 
it  must  be  remembered,  which  is  pure  from  admixture  with  that  of  atiy 
other  epoch  which  might  possibly  have  been  progressing  at  the  same  time. 

The  'Thesaurus'  contains  many  examples  of  the  same  species  bcmg  in 
twenty  to  twenty-five  different  countric!',  large  and  far  apart — the  same 
creature  or  creaiuies  marking  the  i  n-.ti'  iioai  land  to  land. 

Table  B,  drawn  up  under  the  inspeciion  of  Mr.  Salter,  presents  195 
species  common  to  regions  very  remote  from  each  othef,  some  of  tlicin 
being  antipodal — a  fact  which  tells  the  more  forcibly  from  the  tenacity  with 
which  n  large  part  of  Silurian  life  clings  to  locality  as  well  us  to  horizon. 
179  sjic'cies  are  eoiinnon  to  Ivnope  and  America.  Sixty  Silurian  genera 
have  been  brouglit  from  Soutii  Australia  by  3Ir.  Selwyn,  the  chief  Geolo- 
gical Surveyor  of  that  colony ;  nnd  Professor  M^t'oy  has  met  with  in  tliat 
country  a  Siphonotreta,  a  Phacops,  nnd  eighteen  species  of  Graptolitcs  al>- 
solately  identical  with  those  of  North  America  and  of  Euroi)e.  The  Pro- 
fessor loudly  expresses  his  surprise  and  delight.  According  to  M.  Bnr- 
rande,  Orthoceras  bullatum  (Sowerby)  is  at  ^Melbourne  (Australia)  and 
in  Ireland,  Bohemia,  Germany,  and  Hussia.  Oonoconjphe  dejjressa  is  both 
in  Wales  and  Texas^  one  of  the  American  States.  Western  Tasmania,  the 

»  Morris,  CstsL  p.  362. 
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UimaUyas,  Russia,  North  and  South  Ameriea>  and  many  other  r^ioH 
offer  ample  fossil  evidence  of  the  geoenl  presenoe  of  the  eoostltQciiti  of 
this  period. 

Table  B. 


Kingdom  or  Order. 


PlantiD   

Ainorjihozoa  

f  oraminifDra   

Atmelidft   

ITetcro-FteropodB 

l^ryozoa  

Zuwphvta   

Crinodea  "j 

Cptidea  >   

AHtrriadaj 

TriloWto   

Kntoraostmoa   

Bnichiopofla  

Moiiom^aria  

Dimyana  

( t;i>!(  ri  ipoda  

Cephalopoda  

l*i»CC8   


No.  of 

Species. 


74 
12(J 

25 
132 

:m 

432 
450 

1414 
242 

1372 
123 
430 
715 
055 
34 


7155 


America 

and 
Europe. 


4 

in 

G 

18 

1 
1 
21 
1 

64 
2 
*,) 
{) 

15 


179 


America, 
Europe,  and 
Aurtrftlk. 


2? 


America 

and 
Aoitrali^ 


•••••• 


5? 


G 


Euroi 


.uropo 
and 
AtutnlUL 


XotaL 


5 


4 

16 
2»> 
18 

7' 

1 

1 

23 
1 

64 
J 
9 

0 
lu 


196 


The  Silurian  beds,  it  mmt  bo  boi  iii?  in  idIiu],  arc  upunlly  risible  iii  mere 
slircds  and  remaiudors,  met  with  in  any  one  place  only  as  n  stiige  or  t 
part  of  a  stage,  tlie  other  portiou  being  covered  for  perhaps  thousaxidf  of 
square  miles  by  more  recent  deposits,  or  removed  by  denudation ;  or  it  om^ 
be  that  certain  stages  hare  never  existed,  as  we  see  in  Arctic  Ameriet 
with  respect  to  the  Lower  Stage ;  while  in  the  South,  at  in  Sardinoi. 
France,  and  Spain,  it  is  the  Upper  Stage  that  is  wanting,  or  fery  neaiij  aaii 

But  the  visible  geographical  spread  of  these  strata  is  often  very  gvnL 
So  extensive  are  the  Silurian  areas  of  North  America  (2000  miles  wenm) 
that  it  only  needs  a  short  and  easy  step  to  indooe  a  belief  in  a  fanuer 
versal  prevalence  and  domination  of  this  system. 

Sufficient  territory  resting  on  SiluriaQ  rocks  hss  been  aparud  ham 
oscilUtofy  action  to  enable  us  to  trace  it  in  one  or  other  of  its  puts  ow 
a  large  part  of  the  earth,  ^'e  follow  it  cbvnitousKy  from  to 
Australia,  or  to  America^the  interspaces  being  filled  up  either  bj  sei»  by 
newer  rocks»  or  by  kmdred  paUsosoic  8trata,>whi(di  themselves  uraiadbly 
bespeak  its  frequent  continuous  existence  near  at  hand. 

This  is  only  a  fragment  of  the  argument  in  favour  of  the  doctrine  «f 
Universality  of  epochs,  as  just  defined. 

Locality/. 

The  *Tbc&auras'  brings  conspicuously  into  vjew  the  great  influence  of 
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^pcality  on  tlie  nature  and  amount  of  life,  in  the  same  way  as  we  observe 
at  the  present  time.  As  each  region  yields  up  its  fauna  to  the  collector, 
Uiuch  of  that  fauna  is  found  to  be  new,  the  bond  of  cooacxion  with  other 
Silurian  districts  being  in  great  measure  generic. 

The  physical  conditions  of  sea  and  land  being  necessarily  local,  pro- 
duced as  they  are  from  time  to  time  by  agenciea  limited  in  space,  the 
dwellers  among  these  conditions  must  m  a  certain  measure  be  local  too, 
and  typical— subject  at  any  moment  to  lemoval.  The  first  occupants  of 
any  spot  who  shall  point  out  ? 

The  maximum  of  life^  meaning  by  that  expression  the  largest  combina- 
tion  of  abundance,  variety,  and  rank,  is  local.  It  may  take  place  at  the 
beginning  of  a  stage,  or  of  an  epoch,  in  the  middle,  or  at  the  end,  being 
governed  principally  by  the  nature  of  the  sediment.  The  rich  Primordial 
beds  of  Western  Newibundland  and  of  Quebec^  the  crowded  Pleta  beds  of 
Bnssia  and  of  Esthonia,  the  Trenton  lameatone  of  America,  the  Mid-Silit« 
rian  rocks  of  Bohemia*  (1?.  e.  1, 2),  some  of  those  of  Wales,  the  Lower 
Helderberg  group  of  New"  York,  are  conspicuoaa  examples  of  this.  Parts 
of  the  LUmdoTeiy  stage  of  Wales  and  of  New  York  (U.  S.  A.)  present  a 
great  dearth  of  life,  and  for  a  well-known  reason.  How  barren  are  the 
vast  accumulations  of  Lower  Silurian  In  Bolivia,  as  at  present  belieTed  I 
The  Potsdam  Sandstone  of  the  Tslleys  of  the  St.  Lawrence  and  the  Missis- 
sippi shows  no  signs  of  life  for  hundreds  (and  perhaps  thousands)  of  square 
milen;,  saye  in  small  oases  peopled  chiefly  by  Lmgults  in  inoalcdable  mil- 
lions  of  individuals. 

Nearly  equal  areas  of  Central  North-east  America  (N.  Utitudes  50*^-32'') 
/ind  Europe  may  have  received  about  the  same  attention  i  but  the  latter, 
JO  far,  has  proved  the  Must  by  above  a  tbousand  wfwk$,  f»  we  sse  in  the 
subjoined  Table  C« 

Tablb  C,— Known  species  of  America  and  Europe  compared. 


SpeaeB. 


.Oxuen. 


Orders. 


Planta}  (kingd.)  ........ 

Amorphosoft  

Forammifera   

Annehda   

Hotcro-Pteroi>o(la   

PolyroB  (Bryozon)   

C(rfcnterat»  (Zoophyt.) 

Crinoids  

Cyrtidm   

SMiiincMrttt  -  


20 

64 

2:) 

OH 

0(5 

144 

20:3 

177 

262 

24o 

93 

50 

63 

4 

2 

931 

Carried  forward. . . 
AstoriadiB   •  


■  \  Kntoniostrnca ... 

Brachiopodft  

Monomyam  .*..«  

Dimvana   ♦„  

Gti8l«ro|>oda  ........,»••... 

Ceplialopod*  

PiaoMi  


Species. 


B«rope. 

931 

29 

29 

396 

10(J8 

75 

170 

678 

721 

78 

m 

181 

241 

421 

274 

321 

601 

27 

34 

3145 

4325 

»  Tlio  extraordmsiy  abundanoe of  TrilobiteH,  Cepbalopodft,      h^ro  is  nccountcd  for 
.bjthob«d»beiiig  eakM^otuaiidoTorlMnbyt^  And 
gmval  BUMPO  omnnioiily  ioflp. 
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The  Cephnlopoda,  Crastocea,  Brachiopoda,  and  Annelida  of  Ennipe  ap- 
pear to  largely  exceed  in  number  of  species  those  of  Nortli  Ajacnei^  mkak 
ia  nine  Orders  (aec  Table  C)  the  two  hemispheres  hold  nearly  equal  qtum- 
titles.  America  greatly  surpasses  Europe  in  the  nomber  of  its  Ciiaoidi* 
and  to  a  smaller  extent  in  Plnntae  and  Gasteropoda.  I  am  not  prepared 
with  any  inference  from  these  facts.  We  know  that  the  mineral  conctitB* 
tion,  and  the  past  external  influences  in  these  several  parts  of  the  eaifh 
are  different— not  that  the  first  is  as  influential  as  has  been  supposed. 

Many  species  are  marked  as  undefined  in  the '  Tbesanms^'  because  th^ 
are  often  only  known  by  simple  frsgments. 

About  a  thousand  species  hvn  never  been  seen  but  m  one  locality*  At 
least  200  Cyrtocerata  are  huddled  together  in  the  two  oontiguona  pandM 
of  LockhoT  and  Kosorz,  near  Prague^  and,  with  other  moUosks  there^  sia 
unknown  elsewhere.  Other  instances  of  this  might  be  cited* 

The  two  Silurian  districts  of  Sardinia,  with  not  a  few  fosnls  in  commoa 
with  Spain,  although  tolerably  well  examined  by  La  Marmotm  and  Hcne* 
ghini,  have  not  hitherto  produced  a  Trilobite ;  nor  has  Spain  given  up  a 
Peniameru9i  as  far  as  can  be  learnt.  Out  of  oar  sixty  species  of  Aetpkn 
only  one  is  known  in  Bohemia.  Silurian  fish  are  only  mentioned  as  csiaU 
ing  in  Britab>  Bohemiat  and  Russia ;  but  doubtless  they  are  in  other  Siln- 
rian  areas. 

The  Trilobite  genus  Dikeioeephalus  of  B.  D.  Owen  contains  thirtr 
species.  Only  three  are  found  in  two  places.  Twelve  spedes  are  near 
Quebec,  and  there  only.  Nine  others  are  Minnesotan,  on  the  Fjtjxr 
^lississippi ;  while  the  States  of  Texas  and  Vermont,  ou  Lake  Chnmplab, 
have  each  one,  and  Wales  three — all  distinct  i^j)ccies.  "Western  Ne-sr- 
foundland,  although  primordial,  is  thought  to  Le  without  thi^  remarkaye 
genus. 

Each  of  the  twenty-seven  known  species  of  the  Hetcropod  Macluren  is 
confined  to  one  spot ;  twenty  are  American  i  and  of  these,  eleven  are  con- 
fined  to  Newfoundland  West. 

Of  the  forty-five  species  of  the  genus  Trot  hoceras  (Cephalojioda),  fort  v- 
tliri't'  lire  restricted  to  the  vicinity  of  Prague;  and  of  these  tweuty-seven 
iuliabitid  the  very  small  space  of  4-6  square  miles,  in  rompany  with  many 
other  mollusks.  'J  hi  Brnchiopoda  of  liohemia  arc  mostly  in  the  l^'auoi 
F,  and  in  the  two  small  distrirts  of  Konicprus  and  Muieniau. 

Out  of  2/0  spL'cii  s  of  Ort/iis  only  two  are  believed  to  be  in  Xova  Scotia, 
and  of  tln'  109  Sjiecies  of  t!u'  Gasteropod  Murchisonia,  agaio»  tWfl^  but 
not  one  of  the  clscwlicrc  most  abundant  genus  Pleurotomaria. 

On  the  other  hand.  Nova  Scotia  holds  one- half  of  ail  our  Clcidophora ; 
and  Tasmania  is  singularly  rich  in  Pal€earca,  while  the  Point  Levi  shales 
are  crowded  with  theGraptolite  family,  of  extreme  beauty,  and  rarely  found 
in  other  oonntrics.  We  further  observe  that,  as  it  is  with  the  hoiisontal 
disposition  of  Silurian  lif<^  so  it  is  with  the  vertical :  only  twelve  per  cent, 
leave  their  native  horison^  as  we  shidl  see* 
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ThMe  few  fads  hm  been  lelecfted  from  mmj,  to  bUow  Ibe  itroog  ten*  • 
dmf  to  locaJization  inherent  in  the  Silniian  fiuma. 

Primordial  Stage, 

Tho  •  Thcsniinis*  nmply  rnfinit'ests  the  grent  extent  of  this  stage,  and  the 
high  bigiiifuaucL'  of  its  teachmgs;  but  we  shall  here  only  speak  of  a  few 
leading  facts  n  lating  to  Canntln,  extracted  from  the  'Thesaurus*  itself. 

While  waiting  for  the  results  of  field-work  now  in  progres?,  Mr.  Billings 
has  treated  this  subject  with  his  usual  great  ability  iu  the  first  volume  of 
the  work  entitled  *  The  ralu?ozoic  Fossils  of  Canada/ 

The  Pnmordial  stage  of  I^arrande  (Tacouic  of  Emmons)  is  truly  Silu* 
rian,  and  ffirms  the  base  of  liiat  ijjoi  h. 

In  the  vaik'v  uf  iIk'  St.  Lawreiu c  it;  may  avernp;e  8600  feet  in  thickness. 

Resting  horizontally  in  America  on  the  inciuicd  Lanrentian  rock.^,  the 
lower  break  i;^  comjilcte  in  every  respect ^  while  the  upper  break  is  verj 
nearly  so,  altliough  purely  organic. 

It  divides  nnfiirnlly  into  Lower  and  Ipper  Primordial, — Potsdam  sand* 
stone  constitn'.iri-  tl;i  tormcr,  and  cakiferous  sandstone,  with  the  enig- 
matical Quebec  group,  the  latter,  with  a  few  layers  of  chazy  limestoue 
superadded. 

The  whole  flora  and  fauna  of  the  Primordial  stage,  American  and  Eu- 
ropean, amount  to  919  species,  while  those  of  tlrj  ^t.  Lawrence  \  alley 
alone  are  560.  The  ^Yester^,  therefore,  seems  to  he  the  richer  of  tlie  two 
hemispheres  and  this  romes  out  still  more  distinctly  in  stating  the  fact 
thpt  tltc  Pr i I r.ordial genera  at  present  known  in  America  are  134,  and  those 
of  all  Europe  83. 

Table  D  (bclnw)  has  been  constructed  from  the  '  Tlu  ^aunis.*  It  exhibits 
numerically  tiie  zoolo[ricnl  contents  and  the  zoological  relations  of  the 

several  parts  of  the  Primordial  stage  \  and  we  see  that  the  diS'eiences  are 
great. 

Table  D. — ^The  American  Flora  and  Fauna  of  the  Primordial  Stage 

(principally  Canadian). 
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Great  inteieet  attaches  to  e? eiy  part  of  this  itage*  but  especially  to  the 
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Quebec  group  aud  itfi  ill- understood  coQQejuon  with  the  immediately  con- 

tiguou3  strata. 

An  intimnte  acquaintance  with  tins  ^roiip  near  Quebec  leads  me  to 
believe  that  there,  at  least,  it  is  a  di.-j)]!i(  cd,  cruni|ili  J,  mid  fractured  masa 
of  schist,  with  thin  beds  of  limestone  and  calcareous  conglomerate  inter- 
leaved, the  last  crowded  with  moUuscan  and  crustacean  life. 

It  is  above  the  Potsdam  Sandstone,  and  on  or  near  the  horizon  of 
Calciferous  sandstone  and  the  lower  layers  of  Chazy  Limestone  (Logu 
and  Billings,  Report,  1863).  Into  these  (with  a  distinct  tendency  still 
higher)  in  other  parts  of  North  America,  the  Quebec  group  piolMililj  be>- 
oomes  fused,  and  assumes  their  horisontal  position,  minenl  efairaeter«  and 
many  of  their  organic  contents. 

The  fauna  of  the  Quebec  grnnp,  consisting  of  327  species  at  Point  Lefi 
(Quebec)  and  in  Western  Newfoundland,  is  peculiar^  and,  of  oomie^  is 
only  found  there,  with  the  exception  of  thirteen  species  found  elsewhere  in 
Calciferous  sandstone,  and  eight  in  Chasy  limestone.  They  are  one-ab- 
Ceenth  of  the  wholes  and  are  as  followa : — 

Calciferous  Sandstone: — Lb^fuHa  Mantdli^  L.  aenminaia^  L*  Irme, 
Cameralla  ealeifera,  MeHeoiama  gorpmuti  H.  vmanpUata,  II.  pentriaim, 
Pleurotomaria  eatei/era,  P^poBtumia^  Holopaa  dUneula  ?,  SeemUampkmhu 
Canadauut  MurehUmda  Anna,  Pilocera*  Canadente  (Billings)* 

Chazy  Limestone : — EeeuKomphalui  AtlonHcuM,  Maclurea  AiUmHee^ 
Sirmatopora  empaeta  (running  into  B+BL),  CHwiaeoffraptut  mmiamm' 
rius,  PHheHdyafmettraia  LeperditM  mn^Mim,  CmerdU  MnsMi^ 
ChHrurut  proH/kui  (Billings) .  t 

This  group  container  besides  tbe  thirteen  species  just  enumerated,  174* 
allied  to  those  of  the  Calctfcrous  Sandstone  of  Centnd  North  America,  or 
more  or  less  westwaird  of  Montreal.  It  is  this  which  coanecta  it  closely 
with  the  sandstone.   HowcTer,  140  remain  typical. 

The  fossils  of  Chazy  Limestone  met  with  in  the  Quebec  group  only  be- 
long to  a  few  of  the  basement  beds  of  the  former,  because  these  almost 
immediately,  upwards,  [chancre  into  a  compact  rnnss  of  crushed  Crinoid>, 
Cc plialopoda,  (Gasteropoda,  ^c.  (143  specieii) — uil  (^uitc  uew,  aud  alien 
from  the  lile  below. 

The  Calciferous  Sandstone,  always  truly  primonlial,  has  in  the  Cau  uhis 
and  the  United  States  of  America  37a  specieSj  overspreading  vast  areas. 
They  n  ay  be  separated  into  three  sets  : — 

1.  Tliirteen  enter  the  Quebec  group. 

2.  One  hundred  and  seventy-four  are  the  allies  of  that  group. 

3.  One  hundred  and  eighty-eight  are  foreign  to  it,  and  for  the  most  part 
typical. 

Like  its  two  sister  groups,  the  Calciferous  Sandstone  i*'  phovm,  in  the 
middle  line  of  Table  D,  to  display  a  remarkable  tendency  to  abound  in 
complex  and  powerful  existences*  and  to  paucity  in  the  simple  species,  in- 
*  TlwM  nunhen     for  the  pfesent  only  approodauite,  and  mnj  be  altetred. 
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dtvidiiali,  nerertheless^  betng  prodigpoiulj  munerotu.  TiilobiteB  ue  hen 
Tciy  few. 

Potsdam  SanditfnM  is  ridi'ui  Tnlobitei»  Bnchiopoday  and  Focoidi^  but 
in  eroy  otber  fonn  is  Tery  poor ;  and  yet  it  posteiseB  a  Cysdd. 

In  the  Primordial  group,  theiefoTe«  we  find  nnmeroiis  representativctof 
nearly  etery  marine  Invertebrate ;  and  we  have  a  startling  example  of  the 
sudden  development  in  very  early  times  of  the  highest  types  of  molhucui 
life.  Nautili,  Lituites,  Trilobites,  Protichnites,  Sic,,  dwellu^  eren  then,  ia 
well  adjusted  eommunities. 

Most  of  these  facta  are  tsken  ftom  the  *  Thesaurus but  this  bteresdn* 
portion  of  the  '  Thesaurus '  itself  is  the  gift  of  Barraude,  Emmons,  Ilall, 
I.ogan,  and  Billings  and  is  the  fruit  of  their  unwearied  &tud^  in  the  citj, 
aud  of  tkcir  toil  iu  the  field. 

A  few  words  on  the  subject  of  recuricuce,  or  the  vertical  range  of  Silo* 
rian  life. 

"What  can  be  more  unexpected,  or  more  wuiiduiiul,  than  the  upward 
passage  by  a  filial  succession,  ihrongh  stapes  and  epochs,  of  a  mollusk 
during  centuries  inconceivably  numerous  I  "What  an  almost  interminable 
series  of  post(  riiies  must  have  followed  the  first  ancestor!  The  doctrine 
of  limited  Juration  in  species  must  have  its  exceptions. 

The  *  Thesaurus*  enumerates  803  recurrents,  or  12  percent,  of  the 
v\hole  known  life  of  the  epoch — a  very  notable  proportion, — still  leaTuig 
6200  species  faitliful  to  one  horizon. 

The  synoptical  Tabic  K,  compiled  from  the  'Thesaurus,*  cxhiliits  many 
details,  and  may  be  trusted  a])])in\iniately,  althout:h  about  400  species 
have  been  passed  by  for  xvnnt  of  sullicieut  information.  It  numbers  sepa- 
rately the  species  typical  of  one  horizon,  and  the  species  frequenting  more 
than  one  horizon  (being  recurrent).  It  also  introduces  some  of  the  gtesUr 
genera,  such  as  OrtMs,  Murckisonia,  &c. 

The  species  are  arranged  under  the  heads  "  Primordial^"  howtt,'* 
**  Middle,"  and  "  Upper  Silurian  and  in  the  case  of  the  recurrents  the 
number  of  horizons  occupied  by  them  is  shown  by  the  figures  2,  3,  4,  5. 
Thus  we  find  that  69  Lower  SUnrian  Trilobites  occupy  two  horisons,  li 
three,  and  2  five  horizons. 

The  percentage  is  stated  in  the  last  column,  next  to  that  containing  the 
totsl  recurrence  of  each  order. 

The  Primordial  stage  only  gives  2*7  per  cent,  of  recnrrencj. 

Hie  Lower  Silurian  16  „ 

The  Middle    20 

The  Upper    8  „ 

*  It  is  well  to  Tif'to  that,  under  Sir  Wiliinm  E.  Logan's  nble  superintendents,  Wi-  owe 
the  Hplcndid  I'rnnurdial  liarvest  ^ulhcn  d  in  yowfoundland  nnd  Antioosti,  to  thofhli- 
gmoe  and  akill  of  Mr.  Bicharddon,  uu  cxpiurcr  iii  the  employ  uf  the  Canadian  Geo* 
logical  Commiffien* 
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The  ordcra  vary  greatly  in  respect  to  rccnrrencj.  There  is  none  among 
fossil  Ash.  In  Cystidea  it  is  only  3  per  cent.,  in  Oomphocens  5  per  cent.« 
and  is  greatest  in  Strophomena,  31  per  cent. 

Although  a  conaideiable  nnmber  of  inferenoee  iia?e  been  prepared,  I 
shall  only  venture  now  to  introduce  a  few. 

1.  Berarrence  is  nniTereal,  both  aa  to  time  and  place. 

2.  Beenrrencea  aeem  to  be  moet  nnmeions  in  the  loirer  stages  of  the 
epodi;  but  further  research  may  teach  otherwise. 

3.  Species  do  not  often  change  their  horiion,  not  eren  when  pbused  in 
eonntries  far  apart. 

4.  The  same  speeies  may  be  typical  of  a  single  hortion  in  one  conntij 
and  recurrent  in  another. 

5.  Becurrency  shows  that  a  moUnsk  is  not  necessarily  confined  to  any 
one  community,  but  may  find  a  home  and  flourish  in  several  successively.' 

6.  Tlie  nnmber  of  recnrrents  measures  the  amount  of  change  in  con- 
ditions. 

7.  Communities,  genera,  and  speciea  cBss]ipear  ^oradically,  cicept  in 
the  rare  case  of  a  catastrophe. 

8«  Becurrency  is  a  measure  of  viability. 

Eatira-epoekal  Reeurrencem 

Few  things  demonstrate  more  plainly  the  sterner  discipline  now  pre- 
vailing than  the  reduction  by  Mr.  Salter  to  133  of  the  439  palaeozoic  spe- 
cies which  I  had  tabulated  as  extra-epochal,  althr)u;>h  they  had  the  sanc- 
tion of  the  best  palaeontologists  of  the  last  fifteen  or  twenty  years. 

My  Table,  as  originally  made  out,  deals  with  the  five  paloeozoic  epochs, 
but  ill  this  place  only  with  the  forty-two  Sllurmn  species  which  leave  for 
the  higher  periods.  To  these,  recently,  several  interesting  additions  have 
been  made. 

I.  These  recnrrents  are  mostly  distinct  from  the  intra-epochai,  owing  to 
their  first  appearance  beinsr  in  the  Upper  Silurian  sta^e. 

II.  With  the  exception  of  (Jhonete*  sarcinulatOt  they  all  stop  witiiiu  the 
Pavonian  Period. 

III.  The  trreater  part  of  these  recnrrents  are  of  low  rank ;  20  are 
Brachiopoda ;  1 1  Zoopliy tes,  1  an  Amorphoj^oa  ;  7  are  Gasteropoda ;  3 
Cephalopoda  ;  and  1  Trilobite.  Manon  deforme  and  Orthis  nnjosft.  Lower 
Silurian  fossils,  reappear  in  Devonian^  but  not  in  Upper  Siiurian,  where 
they  are  "  presumably  "—to  use  an  expression  of  Mr.  Etberidge. 

IV.  These  species  are  rery  migratory — few  being  found  in  two  epochs 
in  the  same  country,  but  in  different  countries. 

V.  Opportunities  of  escape  into  a  new  epoch  hare  been  common  $  but 
the  ways  and  means  are  frequently  concealed  by  denudations^  &c« 

VI.  Acclimatization  must  have  been  necessary* 

VII.  The  length  of  individual  life  in  proportion  to  specific  extra- 
epochal  life  is  almost  as  a  unit  to  infini^» 
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315G+4305=7i01  species. 
Geofintphieal  JHUriiutum  ^SiltiruM  Zdft^ 

The  'Themornt'  tendi  to  ahow  that  North  America,  eait  of  th«  Itodj 
Monntains,  may  probably  be  dUhrided  into  two  ftreaa» — ^the  one  to  the  north 
of  57°  (or  of  Lake  Superior)  being  efaiefly  Upper  Silnrian,  reating  on  crys- 
talline Toeke»  the  one  to  the  Mmth  of  that  line«  down  to  the  Qiilf  of 
Mexico,  on  the  eontfarjt  being  fblly  developed  in  eome  part  of  ^lia  gieat 
apace. 


It  exhibita  the  regrettable  fact  that  Aata,  Africa,  and  Anatralia,  taken 
together,  ha:ve  hitherto  yielded  onlj  200  apedea  of  SQurian  remaina ;  but 
ihia  arbea  tram  the  abience  of  exploration. 

I  hftve  not  jet  had  opportunity  to  bring  together,  harmoniie,  and  com- 
pare the  Silnrian  life  of  the  icrertl  oonntriee  of  Europe.  I%e  accom- 
plishment of  amdi  a  taak  might  produce  some  definite  tmtha,  and  many 
more  probabilities.  Either  this  vast  region  would  prove  to  be  one  great 
Silurian  area,  with  barriers  here  and  there,  and  with  certain  channels  of 
communication,  and  to  be  the  result  of  mauy  operations  throughout  a 
long  interval  of  time ;  or  it  might  turn  out  that  the  Silurian  deposits  and 
their  fossils  occupy  three  separate  areas : — (1)  the  Britanno^Scandinavian, 
whidi  haa  all  the  three  stages,  and  the  Primordial ;  (2)  the  Bohemian,  at 
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present  of  peculi&T  interest ;  and  (3)  the  middle  and  Bonthem  area,  fotmd 
in  France,  Spain,  and  Sardinia,  almost  wholly  Lower  and  Mid-Silurian. 
Under  this  head  of  geographical  distribution  we  have  to  deal  with  some 

curious  plicnomcua — such  ns  concern  birthplace  or  first  appearance, 
i^cncric  and  specific,  the  duration  of  life,  tolerance  of  conditions,  ^uanera! 
habitats.  Migiation  possesses  prrrat  inlercii,  with  its  marks,  causes,  and 
modes,  with  its  power,  direction,  aiul  rate  of  progress,  &c. 

The  transport  or  removal  ot  dead  organic  matter  from  j)lace  to  place, 
the  "  remaniement**  of  French  geologists,  is  an  importr.nt  asencv  nnder 
seTOTal  n^jic'cts,  especially  in  the  formation  of  extensive  sheets  of  rock. 

It  now  l)pcome  proper  to  bring  to  a  close  these  few  observations,  or 
rather  this  enanieration  of  heads  of  Natural-History  subjects,  by  express 
ing  a  confident  hope  that  this  compilation  will  find  many  and  well  qu^ified 
interpreter^  and  will  be  useful  to  geologists  in  general* 

FiAmmy  28, 1867. 
Lieut.-6e&eral  SABINE,  President,  in  the  Chur. 

The  following  commuuicatious  were  read 

I,  "  On  a  Transit-InBtrnment  and  a  Zenith  Sector,  to  be  used  oil 
the  Great  Trigonometrical  Surr^of  India  for  the  determination, 
respectively,  of  Longitude  and  Latitude/'  By  Lieat.»Colonel  A. 
Stranos,  F.B.S.   Received  February  16, 1867. 

In  1802  the  kSecretary  of  State  tor  India  in  Council  sanctioned  the  pro- 
Tisionoian  extensive  equipment  of  geodesical  and  astronomical  instruments 
of  the  first  order  for  the  use  of  the  Great  Trigonometrical  Survey  of  India  ; 
and  he  did  me  the  honour  to  entrust  tome  the  task  of  designing  and  super- 
intending  their  construction.  After  several  modifications,  the  foUowing  list 
was  adopted : — 

One  QsEAT  Thxodolitb,  with  a3-fcet  Horisontal  Circle*  By  Messis. 
Tronghton  and  Simms* 

Two  ZsMrrB  Sncione.   By  Messrs.  Tronghton  and  Simms. 

Two  5^VBBT  TRANaiT-lKsmuMBif  TB.  By  Messrs.  T.  Cooke  and  Sons, 
York. 

Two  Smallsa  TftAN8iT4N8TRtrM»9t«  (Oetmn  form).  By  Messrs* 
T.  Cooke  and  Sons,  York. 

Two  1 YnnncAL  Cikclib  (Gemanfom).  By  Messrs*  Bepsold, 
Hambnig. 

Two  Galvanic  CBROKoonAPBa  for  registering  Transit-Obiervations. 
By  MM.  Seeretan  and  Hardy,  Paris. 

Thtee  Astroicomical  Clocks.  By  Mr.  Charles  Frodshsm. 

The  whole  of  these  ale  nearly  ready,  and  I  take  the  opportunity  of  now 
lobmitting  two  of  them  (a  5-feet  transit-instrument  by  Messrs.  Cooke,  and 
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a  semth  sector  by  Messrs.  Trougbton  and  Simms)  to  the  inspection  of  the 
Royal  Society.   Both  iastroments  present  pecoliaritiet. 

The  5 'feet  JSratrnt-lMirununi* — Tiiis  has  a  very  powerful  teleaeo|ie  of 
5  inebes  clear  aperture  (a  large  diameter  in  proportion  to  its  focal  leogilh). 
The  aiis  is  of  akuniunm  bronae,  cast  in  one  pteo^  hollow,  and  turned  bo^ 
inside  and  ont.  The  two  halves  of  the  telescope  aie  easily  septrsble  ffon 
the  aiis  for  portability* 

It  is  provided  with  four  levds  for  rendering  the  axis  horiaontal  i  these 
are  mounted  on  a  plan  suggested  and  devised  by  Mr.  Cooke.  He  remaifcs 
that  the  ordinaiy  striding  level  nsually  applied  to  such  instmmentsiratdbcs 
the  pivots  only,  whereas  the  observer  w^hes  to  be  informed  whether  or  net 
the  teksoope  itself  describes  a  true  plane.  Thisit  will  not  do  if  the  flexme 
of  the  axis  differs,  as  it  may  do,  in  different  sltitndes.  Mr.  Cooke  there- 
fore attaches  the  levels  to  the  tolesoope.  His  mode  of  doing  this,  and  of 
providing  for  their  due  adjustment,  will,  in  the  absence  of  drawmgs,  be  best 
understood  by  inspecting  the  instrument. 

The  means  of  adjustinp;  the  axis  vertically  and  azimuthally  are  also  pe- 
culiar. The  bearings  on  which  the  pivotd  turn  are  carried  bj  strong  three- 
armed  pieces,  similar  in  iorm  to  the  tribrach  of  an  ordinary  theodoUte.  On 
one  side  the  tribrach  is  raised  or  lowered  bv  means  of  the  three  vt  rticjil 
acrews  wliich  form  its  feet,  and  the  axis  is  thus  made  horizontal;  on  the 
other  side  the  tribrach  is  pushed  laterally  by  two  horizoul.!il  .sc^c\v^,  and 
the  telescope  is  thus  brouglit  into  the  meridian.  Three  principal  objects 
arc  sought  in  these  arraugements— to  exclude  shake,  to  obviate  strain, 
and  to  cause  the  expansions!  to  take  place  from  the  centre  outward". 
I  have  been  well  satisfied  with  tlie  tv\:\U  I  have  made  of  thcni.  I  find 
these  adjuatmeuta  to  be  exceedingly  delicate  m  their  action,  and  veiy 
stable. 

The  Zenith  Sector. — ^This  is  quite  unlike  an j  instrument  of  the  same  de- 
nomination. My  endeavour  iu  designing  it  wss  to  comlnae  iwtSiwhm 
power  with  minimum  weight. 

A  solid  steel  vertical  axis  revolves  within  ft  hollow  wide-based  conicBi 
cast-iron  pillar.  Across  the  vertical  axis  is  placed  a  frame,  in  which  are 
formed  bearings  for  the  reception  of  a  transverse  horizontal  azia.  This 
axis  carries  outside  the  frsme  a  telescope  of  4  feet  focsl  length  and  4  inches 
clear  aperture,  and  a  portion  of  a  circle  comprising  two  opporito  teeton, 
.  each  containmg  about  45'.  The  telescope  being  vertical  for  the  observa- 
tion of  stars  near  the  senith,  the  sectors  are  horizontsl — ^that  is,  transveiae 
to  the  telescope.  The  frame  which  supports  the  horisontal  ana  carries 
slso  four  micrometer-microscopes  for  reading  the  sectors.  These  micro- 
scopes are  amoved  conically,  so  that  all  four  are  Dluminated  by  a  single 
light,  in  the  manner  adopted  by  the  Astronomer  Royal  for  the  Qroat  Grecn- 
idch  Transit^Circle*  The  telescope  and  sectors  revolve  together,  the  micro- 
soopes  being  fixed.  When  packed  for  carrisge,  the  tdesoope  and  seeton 
can  be  made  to  lie  in  the  same  direction,  and  so  take  up  mueh  Im  loom 
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than  if  they  reuin^  tbeir  transveml  poiitioiis.  Two  Icfelt  are  ted  to 
the  horiiont«l-flau  frune.  The  metmmcBt  ]s  duly  eonnterpoiied. 

The  gcoenl  emngenMiit  of  the  histniment  mt^  be  beat  coneeived  by 
auppoau^  an  eqnatoreal  of  the  Qennati  fbnn  to  be  adjusted  aa  it  woold  be 
at  the  pok^  when  its  polar  axia  wodM  lepieaent  the  nrtieal  azia  ef  the 
ttnith  aeetor»  audita  deeUaatioii  azia  the  horiaontal  axia. 

The  inatnunent  has  been  too  ahoii  a  time  in  mj  handa  to  aduiit  of  my 
formmg  en  opinion  aa  to  ita  piobaUe  anooeaa.  I  anticipate  aove  adfantage 
fiom  the  arrangement  of  the  aeeton^  whioh,  being  ia  identioal  eiranm- 
ataneea,  should  be  liable  to  no  ineqfoalitica  of  mther  flexure  or  tenapetiatnte. 

Both  of  the  piindpal  aacea  of  the  inatmmenta  are  prarided  with  inde- 
pendent adjustments,  the  aetion  of  which  appears  to  be  Tery  satisfactory. 

In  eoncludtng  this  brief  and  impcHtBct  notice  I  beg  to  state  that  I  hope 
to  draw  up  hereafter  a  fiill  and  detailed  description  of  all  the  iustrumenta 
given  in  the  foregoing  list.  At  present  my  time  is  absorbed  by  the  trials 
and  experiments  to  which  it  is  necessary  tbat  I  showlil  subjcc't  them  bcturc 
their  despatch  to  India ;  and  I  trust  the  Koynl  Sociut)  wiii  accept  this 
explanation  as  au  excuse  for  the  meagreness  ul  the  present  accouut. 

II.  "  On  the  Orders  and  Genera  of  Ternary  Quadratic  Porms.** 
By  Heney  J.  Stephen  Smith,  M.A.^  F.R.S.^  Savilian  Professor 
of  Geometry  in  the  University  of  Oxford.  Received  FebroaTy  21 » 
1867. 

(Abstract.) 

The  object  of  this  Papt  r  is  to  supply  demonstralious  ol  the  uudemon- 
strated  results,  relatiiiii;  to  Teruurv  Quadratic  Forms,  which  are  contained 
in  ail  irii])nrtaiit  inunioir  of  Eisenstein's  ("Neue  Theorcme  der  hoheren 
Aritlimetik,"  Crelie  s  Journal,  vol.  xxxv.  p.  1 17), — and,  at  the  same  time, 
to  e  xtend  those  results  to  the  cases  not  considered  by  him  in  that  Memoir. 
The  following  arc  the  principal  points  in  which  the  theory  of  Kisenstein 
has  been  tlms  turther  developed  : — 

1.  lu  Eisenstein's  Memoir  forms  ol  nn  iven  discriminant  only  are  con- 
sidered. Such  forms,  and  their  contravanants,  are  always  properly  primi- 
tive ;  they  have  particular  generic  characters  with  respect  to  uneTcn  primes 
dividing  the  disinintinant,  bnt  have  no  supplementary  characters  (t.e.  cha- 
racters with  respect  to  4  or  8).  The  ease  of  forma  of  an  even  discriminant 
ia  more  oomplkeated.  Bcaides  the  properly  primitive  order,  there  may 
ezist»  hi  this  oascb  an  improperly  primitive  order,  in  which  the  forms 
themselves  are  improperly  primitive,  and  tbeir  contravariants  properly 
primitivei— or,  agein,  an  improperly  primitive  order,  in  which  the  forma 
themieltea  are  properly  primitive^  and  their  contravariants  improperly  pri- 
mitive. Further^  forms  of  an  even  discriminant  may  have  chanetera  with 
reapect  to  4  or  6;  and  a  complete  enumeration  of  those  supplementary 
diaraeteii  requires  a  carelQl  distmction  of  eases.   To  £u:iiitate  this  enn* 
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meration,  a  Tabic  is  given  in  the  Paper  for  finding  the  sappkmentaij 
characters  of  any  proposed  form. 

2.  A.  Table  is  also  given  for  forming  the  complete  generic  character  of 
any  proposed  form.  This  Table  is  intended  to  serve  the  same  poqioMi^ 
in  the  theory  of  ternary  qnadratic  forms,  for  which  the  Table  of  Lejeune 
Dirichlet  is  available  in  the  binary  theory  (CreUe,  toL  zix.  p«  338).  The 
Table,  like  that  of  Lejeune  Dirichlet,  distinguishes  between  the  poMiUe 
aod  impossible  generic  characters ;  and  the  Paper  contniris  a  complete 
demonstration  of  the  criterion  by  which  they  are  dietinguiahed. 

3.  Besides  the  particukr  chamcten  relatiiig  to  imeven  primes  diYiding 
the  discriminaDtt  it  is  convenient,  in  those  cases  in  which  there  is  no  tap* 
plementaiy  charsoter,  to  oonader  a  certain  partienlar  generic  ehaiaeter 
which  does  not  appesr  to  have  been  regsrded  as  sach  b^  Eisenstein.  Tliis 
character  is  termed  in  the  Paper  the  siraultaneoiis  character  of  the  form 
and  its  oontravariant :  its  existence  is  demonstrated ;  and  its  introdootion 
as  an  element  of  the  complete  generic  character  is  justified  by  its  nae  in 
the  distinction  of  possible  and  impossible  genera. 

4.  It  has  been  proposed  to  define  a  genos  of  forms  as  consisting  of  aU 
those  forms  whidi  can  be  transformed  into  one  another  by  snbstitations 
of  which  the  coefficients  are  rational  end  the  determinant  a  nnit.  It  is 
desimUe  the  case  of  qnadralac  fimns)  to  add  to  this  definitioa  the 
limitation  that  the  denominators  of  the  fractional  coefficienta  are  to  be 
uneven,  and  prime  to  the  discriminant.  And  it  is  shown,  in  this  Paper, 
that  two  ternary  qnadratic  forms  are  or  are  not  transformable  into  one 
another  by  snch  substitutions,  according  as  their  complete  generic  cha- 
racters do  or  do  not  coincide. 

The  preceding  observations  ap})ly  equally  to  the  cases  of  definite  anil 
indefinite  forms.  These  two  cases  are  included  in  the  same  analysis  by 
means  of  a  cnnv  piition  as  to  the  signs  of  the  two  numbers  defined  by 
Ei&eiistcin,  and  termed  in  tiiis  Taper  the  arithmetical  invariants  of  the 
ternary  form.  The  first  invariant  of  a  form  is  the  greatest  common 
divisor  of  the  first  minors  of  the  matrix  of  the  form  ;  the  second  invariant 
is  tlio  (jiuitiont  obtained  by  dividing  the  discriminant  by  the  square  of  the 
tirst  invariant.  According  to  the  convention  adopted  in  the  Paper,  the 
second  invariant  has  the  same  sign  as  the  discriminant ;  and  the  &TSt 
invariant  has  or  has  not  the  same  sign  as  the  second,  according  aa  the 
form  is  definite  or  indefinite. 

6.  The  latter  part  of  the  Paper  is  occnpied  czclnsiTely  with  the  theory 
of  definite  and  positive  forms.  In  the  case  of  these  forms,  the  weight  {or, 
as  Eisenstein  has  termed  it,  the  density)  of  a  class  is  the  reciprocal  of  the 
number  of  automorphics  (of  determinant  +1)  of  any  form  of  the  dasi; 
the  weight  of  a  representation  of  a  number  by  a  form  is  the  weight  of  the 
form,  t.  e,  the  weight  of  the  class  containing  the  form ;  the  weight  of  a 
genos  or  order  is  the  sum  of  the  weights  of  the  classes  comprised  in  the 
genos  or  order.  In  his  Memoir,  Eisenstein  has  pfcn  (bat  without  denon* 
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stration)  the  formulte  which  assign  the  weight  of  a  given  genus  or  order 
of  forms  of  an  uueTen  discriminant.  These  formulae  arc  demonstrated  in 
the  present  Paper,  and,  with  them,  the  correspondiDg  formule  reUting  to 
the  cases  in  which  the  discriminant  is  even.  The  demonstration  is  obtained 
hy  a  method  similar  to  that  empbyed  by  Gauss  and  Diriclilet  for  the  de- 
termination of  the  number  of  bmary  chisses  of  a  given  determioant.  The 
sum  of  the  weights  of  the  lepfesentationSt  by  a  system  of  forms  represent- 
ing the  classes  of  any  proposed  genos^  of  all  the  numbers  contained  in 
crertain  arithmetical  progressions*  and  not  surpassing  a  given  number,  is  in 
a  finite  ratio  to  the  sesquipltcate  power  of  the  given  number  when  that 
number  is  supposed  to  increase  without  limit.  Of  this  limiting  ratio,  two 
distmct  determinations  are  obtained ;  of  which  the  first  contains,  as  a 
factor,  the  weight  of  the  proposed  genus ;  and  an  expression  for  that 
weight  is  obtained  by  a  comparison  of  the  two  determinations.  Of  these 
determinations^  the  first  is  obtained  immediately  by  an  elementaiy  applica- 
tion of  the  integral  calcnlus;  the  second  dlepends  on  an  arithmetical 
theorem,  which  is  deduced  in  the  Paper  from  the  analysis-  employed  by 
Gauss  in  arts.  279-284  of  the '  IMsqnisationes  Arithmetics/  and  which  may 
be  expressed  as  follows  :— 

"  The  sum  of  the  weights  of  the  representations  of  a  given  number 
(contained  Jn  one  of  oertam  Arithmetiod  Progressions)  by  a  system  of 
forms  representing  the  classes  of  a  ternary  genus,  is  equal  to  the  weight  of 
n  genus  of  binary  forms,  of  which  the  determinant  is  the  product,  taken 
negatively,  of  the  given  number  by  the  second  invariant  of  the  ternary 
forms.** 

By  this  proposition  the  tletei  minatiou  of  the  limiting  ratio  is  made  to 
depend  on  an  approximate  determination  of  the  weight  (or,  which  is  here 
the  same  thing,  the  number)  of  the  binary  classes  of  ceriaai  sciica  of  nega- 
tive determinants.  Two  metlvods  are  given  in  the  Paper  for  effecting  this 
approximate  determination.  The  first  method  presupposes  Lagrange's 
definitiuii  of  a  reduced  form,  and  depends  ultimately  on  the  evaluation  of 
the  detinite  integral 

of  which  the  limits  are  g^ven  by  the  me^uaUties 

«?>0,  y^O,  j:>0,  x^z,  2i/^x, 

The  second  method  employs  the  expression  obtained  by  Lejeune  Duichlet 
in  the  form  of  an  mfinite  series  for  the  number  of  binary  classes  of  a  given 
determinant,  and  is  thus  independent  of  the  definition  of  a  reduced  form. 
The  same  result  is  obtamed  by  both  methods ;  but  the  second  is  more 
easily  extended  to  the  case  of  quadratic  forms  contamuig  more  than  three 
indeterminates. 
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March  7, 1867. 
WILLIAM  B0\V3IAN,  Esq.,  Vioe-Ptesident,  in  the  Chair. 

In  accordance  with  the  Statutes,  the  names  of  the  Candidates  ibr 
flection  into  the  Sodety  were  read,  as  follows : — 


Patrick  Adie,  Esq. 
Alexander  Armstrong,  M.D. 
WiUiam  Baird,  M.D. 
John  Ball,  Esq. 
Heniy  Charlton  Baatian,  M.D. 
Samnel  Brown,  Esq. 
Francis  T.  BncUand,  Esq. 
Iiettt.*ColonelJohn  Cameron,  R.E. 
Frederick  Le  Gros  Clark,  Esq. 
Professor  Robert  Bellamy  Clifton. 
Joseph  BarnarJ  Davis,  M.D. 
AV.  Boyd  Dawk  ins,  i!^i>q. 
Heury  Diicks,  Esq. 
Baldwii)  Francis  Diippa,  Esq. 
William  Essou,  Esq. 
Alexander  Fleming,  M.D. 
Peter  lie  Neve  Foster,  Esq. 
Sir  Charles  Fox. 

Edward  Headlam  Oreenhow,  M.D. 
Albert  0.  L.  6.  Gunther,  M.D. 
Jnlius  Haast,  Esq.,  Fh.D. 
CaptainRobertWolseleyHaig,R.A. 
Daniel  Hanhury,  Esq. 
Augustns  George  Vemon.Haroonrt» 

Esq. 

Edmund  Thomas  Higgius,  Esq. 

Jnhv.-A  Hogg,  Esq., 

John  AVhitaker  Ilulke,  Esq. 

Edward  iiull,  Esq. 

James  Jago,  M.D. 

Professor  Thomas  Haytcr  Lewis. 

Edward  Joseph  Lowe,  Esq. 


David  Macloughlin,  M.D. 
Professor  Nevil  Story  Alaskelyoe. 
John  Matthew,  Esq. 
Geofige  Matthey,  Esq* 
James  Robert  Napier,  Esq. 
Thomas  XnnneliT^  Esq. 
Admiral  Erasmus  Ommaney. 
James  BeU  Pettigrew,  K.D. 
Charles  Bland  RadcUff&,  M.B. 
John  Russell  Reynolds,  M.IX 
Benjamin  Ward  Richardson,  M.D. 
J.  S.  Burdon  Sanderson,  ^l.D. 
Edward  Henry  SicvekiDg,  M.D. 
Henry  T.  Stn'iii  on,  E^q. 
James  Startni,  Esq. 
John  Stewart,  Esq. 
Major  JamesFrancisTennant,  R.B. 
Colonel  Henry  Edward  Lsodor 

ThuiUier,  B.A. 
Charles  TVmiliiison,  Esq. 
Rer.  Henry  Baker  Tristram. 
Cromwell  Fleetwood  Varley,  Eq. 
William  Sandys  Wright  Vanx,  Esq. 
Edward  Walker,  Esq. 
Professor  J.  Allrcd  \\  uaklvu. 
Edward  Jolm  Waring,  M.D. 
Henry  Wilde,  Ei^i. 
Samuel  Wilks,  M.D. 
Professor  William  Parkinson 

Wilson. 
James  Young,  Esq. 
Colonel  Henry  Yule^  R.E. 
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"  On  tlie  Influeoce  exerted  by  the  Morements  of  Respintion  on 
the  Gimdation  of  the  Blood.''  Being  the  Gboonian  Lbcttbs 
for  1867^  delivered  by  Br.  J.  Bitkdon  Sandsrson, 

(Abstract). 

The  purpose  of  the  lecture  was  to  show  that  the  explanatiuu  usually  given 
hy  physiologists  of  the  mode  in  which  the  respiratory  movementii  ot  the 
thorax  influence  the  force  and  frequency  of  the  contractious  of  the  heart 
can  no  longer  be  entertained. 

The  Juctrinc  usually  taught  iu  this  and  other  countries  h  stated  as  fol- 
lows in  one  of  the  most  recent  text-books  : — "During  the  act  of  expiration 
the  frequency  of  the  pulse  is  considerably  augmented,  whilst  the  line  of 
mean  pressure  vai  iilly  uses,  indicating  increased  tension  in  the  arterial 

avails  Dunijg  the  act  of  inspiration,  on  the  contrary,  the  pulsation 

becomes  slower,  the  curves  much  buMer,  and  the  line  of  mean  pressure 
gradually  falls  ;  ihr  then  the  blood  readily  enters  the  thorax,  and,  as  a  con- 
sequence, the  great  veins,  capillaries,  and  arterial  walls  become  compara- 
tively flaccid"  (Carpenter's  '  Physiology,*!  86 1,  p.  345).  Statements  to , 
tile  same  eftect  are  to  be  found  iu  Budge's  *  Lehrbuch  der  Physiologic/ 
18(J2,  p.  350;  in  Kirke's  'Handbook  of  Physiology,'  1863,  p,  129 1  Ux 
Ludwig's  'LehrbucL,'  1857,  vol.  ii.  pp.  iGl,  162, 

From  numerous  experiments,  in  which  the  respiratory  movements  and 
the  variation  of  pressure  in  the  arteries  in  the  dog  were  recorded  nmulta- 
neously  by  mechanical  means,  the  author  had  aRived  at  an  opposite  con- 
clusion, viz.  that  in  natural  breathing  each  expansion  of  the  chest  b  fol- 
lowed by  increase  of  arterial  tenaioo  and  shortening  of  the  diastolic  inter* 
val ;  in  other  words,  that  the  immediate  effect  of  inspiration  is  to  incieaie 
both  the  force  and  frequency  of  the  contractions  of  the  heart. 

The  experimental  method  was  as  follows : — For  the  purpose  of  recording 
the  moTement  of  air  in  and  out  of  the  chest,  the  animal  is  caused  to  breathe 
through  a  T-shaped  tnbe,  one  arm  of  which  is  connected  with  the  trachea, 
while  the  other  remains  open.  By  the  stem  it  communicates  with  a  dtsk« 
shaped  hag  of  thin  caoutchouc.  The  resistance  afforded  to  the  ingress  and 
egress  of  air  by  the  tube,  although  very  inconsiderable,  is  yet  sufficient  to 
produce  alternate  moTements  of  ezpsnsion  and  collapse  of  the  bag.  The 
Tartations  of  arterial  pressure  are  measured  by  a  mercurial  manometer, 
differing  from  that  of  Poiseoille,  in  that  the  attached  arm,  which  is  the 
longer  of  the  two,  is  of  much  smaller  diameter  than  the  other,  the  area  of 
the  latter  being  twelve  times  as  great  as  that  of  the  former.  For  the  pur- 
pose of  recording  the  movements  of  the  dynamometer  and  of  the  caout- 
chouc bag,  two  light  wooden  levers  of  the  third  kind,  each  25  inches  In 
length,  are  used.  These  work  on  steel  axes,  the  hearings  of  which  are  so 
contrived  that  the  axis  of  the  arterial  lever  is  direcUy  above  that  of  the 
respiratory  lever,  and  that  both  oscillate  in  the  same  vertiesl  plane :  by 
vertical  rods  they  are  connected,  the  upper  or  arterial  lever  with  a  cork  float 
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wliicli  rests  on  tlie  surface  of  the  mercury  in  the  wide  arm  of  the  d\^la^lO- 
meter,  the  lower  with  the  upper  surface  of  the  caoutchouc  hag.  At  their 
extremities  they  carry  fine  sable  brushes,  by  which  their  movements  are 
inscribed  ou  a  roll  of  paper,  to  wliicli  n  horizontal  movement  is  commu'  i- 
cated  by  clockwork.  By  a  iiicchaulcal  arrangement,  which  need  not  be  here 
described,  synchronical  points  can  from  time  to  time  be  marked  in  the  two 
tracings  inscribed  simultaneously  on  the  paper  by  the  momcntar}-  with- 
drawal of  both  brushes.  The  experiments  were  of  the  following  nature, 
dogs  being  employed  throughout. 

1.  Experiments  at  to  normal  respiration, — In  these  experiments  (eleren 
in  number)  the  dynamometer  was  eonnected  with  the  femoral  artery,  while 
the  breathing-tube  was  connected  with  the  respiratoiy  carity,  either  bj 
the  trachea,  or  by  means  of  a  mask  fixed  over  the  snoat.  The  piiocipai 
results  were  as  follows : — 

Experiment  I. — Respirations  per  minute,  9;  pulsations,  108.  Mean 
arterial  pressure  6*2  inches.  The  tracings  show  that  each  respintoiy  act  Is 
divisible  into  two  parts ;  two-fifths  being  occupied  by  thoracic  moyementi^ 
*  the  remainder  hj  the  pause.  Of  the  former,  two-thirds  conrespond  to  ]n> 
spiration,  one-tldrd  to  ezpiiation.  Duiing  the  pause  the  arterial  pressure 
giaduaUy  smks,  the  commencement  of  inspuration  being  immediatdj  fol- 
lowed by  an  increase  of  pressure,  which  becomes  still  more  marked  during 
expiration,  but  again  subsides  at  its  completion.  The  interval  between 
eadi  two  succeeding  contractions  of  the  heart  is  seen  to  be  three  times  as 
great  in  those  pulsations  which  immediately ybZ/bw  expintioQ  as  in  those 
whidi  precede  it. 

The  other  experiments  of  the  series  were  of  a  similar  nature.  In  some 
the  relative  length  of  the  respiratory  intervals  and  the  regularify  of  the  pul- 
sations rendered  it  more  easy  to  judge  of  the  precise  relation  between  the  two 

tracings  than  in  others,  but  in  all  the  results  were  in  complete  accordance  with 
those  above  sLuLciJ.  Even  when  the  frequency  of  breathing  was  such  that 
three  pulsations  corresjjonded  to  one  respiration  (experiment  4),  it  was  ob- 
served that  the  diastolic  intenal  which  iininediatelv  followed  expiriUnni 
twice  as  long  as  either  of  the  otlier  two.  In  one  case  the  respiratory  tra- 
cing showed  that  the  mode  of  ])reathing  was  peculiar  :  inspiration  wa5  sepa- 
rated from  expiration  by  a  pause  of  considerable  duration,  during  which 
the  arterial  pressure  declined  anrl  the  pulse  was  retardcJ. 

2.  Experiments  for  the  purpose  of  determining  whether  the  resistance 
awarded  hij  the  T-t^lip  to  fhe  passar/e  of  air  in  and  ovt  <f  the  chest  exer- 
cise any  viodifijing  i/i/iuc/ice  on  the  results. — It  was  obvious  that  this  end 
could  be  best  attained  by  observing  the  effect  of  increasing  the  resistance ; 
for  by  80  doing,  any  modifying  influence  exercised  by  it  would  beeome  more 
obvious.  With  this  view  a  series  of  observations  were  made  on  the  same 
animal  (under  the  influence  of  morphia),  in  which  the  resistance  was  gra- 
dually increased  by  inserting  plugs  of  various  sizes  into  the  aperture  of  the 
T-tttbe.  The  tracings  showed  that  even  when  the  aperture  was  so  diminished 
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at  to  produce  marked  dyspnoea,  nnd  great  exnggeration  of  the  mOTements  of 
respiratioi^  it  was  obserred  as  diatinctlj  as  before  that  the  increase  of  force 
and  frequency  of  the  pulse  were  increased  bj  the  probnged  inquratoiy 
efforts  of  the  animal. 

3*  Experiments  showing  that  when  the  respiratory  canity  ia  eompleteiy 
doud  (a»  hy  plugging  the  traekea),  the  retation  ietmeem  the  respiratory 
movements  of  the  eheet  and  the  arterial  preemre  ie  reveriM?.— The  pro« 
cess  of  death  by  apQoea  may  be  divided  into  two  stages ;  the  first  extend- 
ing from  the  moment  of  occlusion  to  the  cessation  of  the  straggles  of 
the  animal  and  the  supervention  of  apparent  insensibility^  the  seconid  ter« 
minating  with  the  extinction  of  the  drcolation.  In  order  to  observe  the 
chaiaeters  of  the  respiratoxy  moTemenis  and  those  of  the  heart  during  these 
two  stageSj  it  was  necessary  to  snbstitute  a  mercorial  manometer  for  the 
eaootchoQC  bag.  It  was  then  seen  that  at  first  the  respiratory  movements 
increase  in  ampUtnde  without  altering  in  charaeter ;  but  towards  the  end 
of  the  first  minute*  when  the  animal  begins  to  struggle,  they  become  irre- 
gular, and  eadi  struggle  is  accompanied  by  strong  expMve  efforta»  during 
whidi  the  mercury  in  the  dynamometer  oscillates  violently  and  rises  to  an 
enormous  height.  At  the  commencement  of  the  second  stage^  when  the 
animal  becomes  tranquil,  the  Respiratory  moTcments  assume  a  different 
chazacter*  become  almost  exdusively  inspiratory  (gasping),  and  much  more 
regular.  They  occur,  however,  at  longer  and  longer  intervals,  until  they 
finally  oease.  As  regards  the  relation  between  the  osdUations  of  the  two 
manometers,  the  tracings  show  distinctly  that  throughout  the  whole  pro- 
cess they  are  strictly  coincident,  both  as  to  the  time  of  their  occurrence  and 
their  extent.  Hence  it  may  be  conduded  that  the  extraordinary  elevation 
of  arterial  pressure  which  has  been  long  known  to  occur  during  the  second 
minute  in  death  by  apncea,  is  not  due,  as  was  supposed  by  Dr.  Alison  and 
Dr.  John  Beid,  to  obstruction  of  the  capillary  TCttds^  dllier  pulmonary  or 
systemic,  but  to  the  Tiolenco  of  the  respiratovy  eflbrts.  The  cavity  of  the 
chest  beiug  closed,  the  force  exercised  by  the  respiratory  muscles  expresses 
itself  in  yariations  of  tension  of  the  enclosed  air,  which  are  communicated 
through  the  intra-thoracic  arteries  to  those  outside  of  the  chest,  pro- 
ducing those  violent  oscillatious  of  the  dynamometer  which  have  been  re- 
ferred to. 

In  support  of  this  inlcrcnce,  it  was  shown  lliat  ui  an  auimal  under  the  iu- 
ilucncc  ot  vvuurara  (when  nil  respiratory  movement  ceases,  while  those  of 
the  heart  are  unaffected),  the  process  of  apucca  is  not  only  of  greater  dura- 
tion, but  IS  not  attended  with  any  of  those  peculiar  disturbances  of  the  cir- 
culation which  it  are  been  hitherto  attributed  to  capillary  obstruction.  The 
gradual  extinction  of  the  force  of  the  contraction  of  the  heart  is  indicated 
by  a  slow  and  uninterrupted  subsidence  of  the  arterinl  pressure. 

4.  Experiments  for  the  purpose  of  ascertaining  in  liov  far  the  infueiice 
exercised  hy  the  respiraton/  movements  on  the  heart  in  ordinary  breathing 
are  chemical, — Jb'or  this  purpose  observations  were  made  on  animals  which 
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had  been  allowed  to  respire  alimltef!  quantity  of  air  (50-1 00  cu^.nc  iiichc?)  for 
a  sufficientlv  lrm<j;  time  to  ensure  tiie  complete  cessation  of  all  appreciable 
reaction  of  its  oxygen  on  the  circulatiuf^  blood.  In  this  form  of  apnoea  in- 
sensibility is  not  produced  until  from  ten  to  tifteeii  minutes  after  the  expe> 
riment.  As  in  ordinary  suffocation,  it  is  associated  with  a  marked  change 
in  the  mode  of  breathing.  All  expiratory  efforts  cease,  and  the  •w»mft^  re> 
fpires  by  gasps,  each  of  which  is  separated  from  its  snecesflor  by  a  pause  of 
Tariable  duration.  Under  thete  circumstances,  when  unquestionably  all 
cliemical  reaction  Is  out  of  the  question,  the  effect  observed  is  of  the  same 
nature  as  in  ordinary  breathing,  the  only  difference  being  that,  in  conse. 
qnence  of  the  length  of  the  intervals  and  the  absence  of  ezpizatoij  effort^  it 
is  much  more  obvious.  The  moment  after  inspiration  commences,  the  mer- 
carial  column  is  jerked  up  by  a  succession  of  forcible  contractions  of  the 
heart. 

5*  Bxperimeiiig  tkomn^  ihat  im  orHJieial  reipHratum^vkm  ike  wtedkamm 
is  rewned,  ike  ehmmeal  eimdUum  remmmnff  ike  «nR«,  the  wtedkameml 
^eei  u  ttunetpcmimgly  moiled  \  and  thai  if  ike  Hood  i§  ventm*,  m 
ehendetd  ^eet  U  produced  each  inJeeiUm  qf  air  inio  ike  bmffe,  wkiekt 
alikougk  of  ike  eame  mature,  reqtttm  a  mwek  longer  time  for  iU  prodme- 
Hon. — ^Ifj  in  an  animal  under  the  influence  of  wooiaia,  artificial  Tespnwtioa 
be  discontinued  until  the  arterial  pressure  sinks  several  inches,  and  then 
air  is  injected^  even  in  small  quantity,  no  immediate  effect  is  ohserved 
excepting  a  momentary  increase  of  arterial  pressure  coincident  in  time  vrith 
the  expansion  of  the  lungs ;  but  after  the  lapse  of  she  or  seven  seconds*  the 
heart  begins  to  beat  vrith  extreme  frequency,  rapidly  raising  the  mercarial 
column  until  a  pressure  is  attained  equal  or  superior  to  that  originallr 
existing.  The  length  of  the  time  which  intervenes  between  this  event  and 
its  antecedent:  is  in  itself  sufficient  to  show  that  the  relation  between  the 
two  cannot  be  mechanical.  This  is  proved  by  the  observation  that,  if 
hydrogen  be  substituted  lor  air  in  the  experiments,  no  effect  is  produced. 

6.  Experiments  shmcing  the  relation  between  the  thoracic  movements  and 
the  arterial  prr^^sxr''  (tfh'r  fiertion  of  the  pneumof/ustric  nerves. — Section 
of  the  pueutiiogastric  lurves  in  the  neck,  besides  its  well-known  effect  in 
retarding  the  breathing  and  accelerating  the  contractions  of  the  h^»art,  alters 
the  mode  of  the  respiratory  movements.  The  chest  is  unnaturally  dilated 
even  during  the  pause.  Inspiration  i«  ])ertbruied  slowly  and  with  effort, 
and  t(  rminatcs  in  a  sudden  expiratory  collapse.  The  heart  not  only  con- 
tracts more  frequently,  but  more  forcibly,  the  nrtcrial  pressure  rising 
several  inches  of  mercury.  Under  these  conditions  it  is  observed  ( I )  that 
the  arterial  pressure  tends  to  increase  during  the  slow  inspiration,  and  to 
decline  during  the  pause,  and  (2)  that  a  more  rapid  increase  of  tension 
occurs  simultaneously  with  expiration.  But  (3)  no  variation  is  observed 
of  the  frequency  of  tiie  pulsations ;  and  (4)  aU  the  effects  are  much  less 
marked  than  in  the  normal  animal.  These  peculiarities  are  to  be  attri- 
buted to  the  extreme  lapidi^  of  the  hearths  action,  to  the  permanent 
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distension  of  the  thoiadc  Teiiii,  and  to  the  Tiok&oe  of  tbo  expiratory 
inoTeinents. 

Theoretical  exposition  of  the  mechanical  injluenee  of  the  respiratoiy 
movements  on  the  circulation. — (1)  It  has  be^n  demonstrated  by  Donders 
that  the  elastic  contents  of  the  chest  have  at  all  times  a  tendency  to  shrink 
to  a  smaller  bulk  than  that  of  the  cavity  in  which  they  are  contained,  so 
that  the  Tiscem  within  the  thorax  are  constantly  distended  in  a  degree 
whieh  wies  according  to  its  ever- varying  tcapacity.   As,  however,  they 
are  not  equally  clastic,  they  yield  to. this  distension  uneqiiaUy*   When  the 
chest  enlarges,  the  lungs  yield  nostx  the  veins  and  heart,  in  a  state  of 
relaxation,  next ;  the  contracting  heart  and  the  arteries  scarcely  expand  at 
jdl,    (2)  If  the  vems  contained  air  and  oommnnicated  with  the  atmo- 
sphere, they  would  fill  as  rapidly  as  the  longs ;  actqally  their  expanaion  is 
much  slower.  Hence  the  first  effect  of  inspiration  is  to  inoease  the  pro- 
portion of  thoracic  space  occupied  by  the  lungs,  by  which  they  become 
relatiTely  more  distended  than  the  other  oigans*   So  soon»  however,  as  the 
Tcins  and  anrides  have  time  to  fill,  eqoilibrium  is  more  or  less  restored. 
(3)  Hence  it  follows  («)  that  the  diktation  of  the  dtest  in  inspiration 
aids  the  expansion  of  the  heart  daring  diastole  and  of  the  thoracic  veins ; 
and  (5)  that  these  events  cannot  occor  sunoltaneously  with  their  eau8e> 
Imt  must  follow  at  an  interval  varying  according  to  the  condition  of  the 
circulation.   (4)  Other  things  being  equal,  the  force  and  frequency  of  the 
eontractions  of  the  heart  are  increased  by  whatever  causes  accelerate  its 
diastolic  impletion.  The  more  rapidly  the  cavities  fill  the  shorter  most 
be  its  period  of  rdaxation*  the  more  vigorous  its  systole,  and  consequently 
the  greater  the  arterial  pressure,   (a)  The  efl^  of  thoracic  expanaion  on 
the  intra-thoracie  veins  varies  both  as  regards  its  degree  and  the  time  of 
its  occurrence.  Both  kinds  of  variation  depend  on  the  velocity  of  the 
circulation  and  the  pressure  existing  iu  the  veins  outside  of  the  chest. 
When  the  systemic  veins  are  distended,  the  ciienlatioa  rapid,  and  the 
arterial  resistance  in  consequence  dmnnidied,  the  heart  almost  empties 
itself  at  each  contraction,  and  the  expamko  of  the  chest  fills  the  thoiade 
veins  and  the'  relaxed  heart  ifith  great  rapidity.   In  the  opposite  case, 
when  the  systemic  veins  are  compantbely  empty,  the  cavities  of  the  heart 
fill  slowly,  and  discharge  themselves  imperfectly  on  account  of  the  excessive 
arterial  resistance.    (6)  Hence  the  effect  of  inspiration  in  focihtating  the 
diastolic  impletion  of  the  auricles,  and  consequently  in  increasing  the 
frequency  and  force  of  the  hearVs  action^  varies  directly  as  the  velocity 
of  the  circulation,  inverschj  as  the  arterial  pressure. 

Conclusions, — 1.  In  natural  brt -idmijj;  tlic  intluence  extTcised  by  tiie 
thoracic  movements  on  the  !i  art  is  euUrcly  mechanical.  So  long  as  tiie 
respiration  is  tranquil,  variaUutis  of  air-pre?sure  lu  the  bronchial  tubes  niul 
vesicles  of  the  lungs  do  not  materinllv  affect  the  aricnal  pressure  ;  ljut 
violent  expiratory  movements  are  accompanied  by  simultaneous  iucrca^ie  of 
vascukr  tension. 
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2.  When  the  rMpiratoty  orifioea  axe  eIoaed«  the  Taiiaikma  of  hlood* 
preasme  in  the  arteries  are  ayncfaronical  with  thoie  of  air-jireasiiie  m  tht 
reapiratofj  cavitjt  And  take  pUue  in  the  aame  diieetion. 

3.  The  increased  action  of  the  heart  which  results  from  chcmicai 
changes  prodaced  in  the  drcnlating  fluid  hy  exposure  to  air*  is  of  the 
aame  nature  as  the  mechanical  effect  of  inspiration,  both  being  indicated 
by  increased  arterial  tension  and  acceleratioQ  of  the  pulse.  The  fonner 
may  be  distinguished  from  the  latter  (a)  by  the  length  of  time  leyiired 
for  the  production  of  the  effect,  and  (b)  by  its  depeadenee  on  a  piwfions 
venous  condition  of  the  blood. 

4.  Hence  the  bfluence  of  the  thoracic  moremcnts  on  those  of  the  heart 
nifiy  be  cither  directly  mechanical,  as  in  sufl'ocation,  indirectly  mechamc^, 
as  in  ordioarj  brcatliingi  or  chemical. 


Marek  U,  1867. 

Lient-General  SABINE,  President,  in  the  Chair. 

The  following  commuiucations  were  read: — « 

■ 

I.  ''Note  on  Mr.  Merrifield's  New  Method  of  calculating  the  Statical 
Stability  of  a  Ship/'  By  W.  J.  Macquorn  Eamkixb,  CJS., 
LL.D.,  F.R.S.   Received  February  22,  1867. 

On  th(  21th  of  January,  1867,  a  paper  was  read  to  the  Royal  Society  by 
Mr.  C.  W.  Merrifield,  F.R.S.,  Principal  of  the  Royal  School  of  Navsl  Ar- 
chitecture^ showing  how,  by  determining  the  radii  of  curvature  of  the  locus 
of  the  centre  of  buoyancy  or  "  metacentric  involute  *'  of  a  ship^  in  an  up- 
right position  and  at  one  given  angle  of  inclination,  a  formula  may  be  ob- 
tamed  for  calculating  to  a  close  approximation  her  moment  of  atabilitj  at 
any  given  angle  of  inclination,  on  the  assumption  that  the  metacentric  invo- 
lute can  be  sufficiently  represented  by  a  conic. 

It  has  occurred  to  me  that  the  latter  part  of  the  calculation  in  Mr.  Mer- 
rifield's method  might  be  simplified  by  assuming  for  the  approximate  form 
of  the  metacentric  involute,  not  a  eonlc,  but  the  tmfokUe  of  the  mvotmte  of 
a  cMe  I  the  locus  of  its  centres  of  curvature,  or  ''metacentric  evolute,** 
being  assumed  to  be  the  involute  of  a  cinde. 

The  involute  of  the  involute  of  a  circle  is  distinguished  by  the  following 
property.  Let  r  be  the  radiu9  of  the  circle,  that  radius  of  cur\  atn;  e  of 
the  involute  of  the  involute  which  touches  the  involutr  at  its  cus}»,  an.l  p 
another  radius  of  curvature  of  the  same  curve  makiug  the  angle  Q  with  the 
radius    ;  then 

 (1) 

Having  found,  then,  the  radii  of  curvature  of  the  metacentric  involute  m 
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An  upright  position,  and  at  a  given  angle  of  inclination  6^  let  and  p^  be 
those  radii  respectively ;  then  make 

0,^  

This  will  be  the  radius  of  the  required  circle  ;  and  its  positive  or  negative 
sign  will  show  \vlicthcr  it  is  to  be  laid  off  dowiuvards  or  upwards  from  the 
metacentre.  For  any  given  angle  of  inclination  the  radius  of  ciirvaf  nrp  of 
the  metacentric  involute  will  be  given  by  equation  (l),which  may  also  be  put 
in  t^e  following  form : 

/»=Po+(Pi-P(,)  ^a-       ......  (3) 

Let  3  be  the  depth  of  the  ship's  centre  of  gmvity  below  her  metacentre, 
and  p  the  perpendiealar  let  fall  from  that  centre  of  gravity  upon  the  radius 
of  enrratore  of  the  metacentric  involute  at  any  giTen  angle  of  inclmation  d ; 
then 

p«(3^r)aina*frO;  (4) 

Aud  the  moment  of  atability  is 

px  displacement  (5) 

It  is  obTious  that  the  condition  of  isochronal  rolling  is  that  c—r=0; 
tbat  is  to  say,  that  the  centre  of  the  circle  which  is  the  evolute  of  the  meta- 
centric evolute  shall  coincide  with  the  ship's  centre  of  gravity  ;  a  proposi- 
tion already  dcmnnstratcd  by  me  in  a  paper  read  to  the  Institution  of  Naval 
Architects  in  ibo  i,  and  published  iu  their  Transactions,  vol.  v.  p.  35. 

[Postscript, — ^ReceiTed  March  11»  1867.} 
Since  the  above  was  'writteUf  I  haTc  been  informed  hy  Hr*  Merrifield,  to 
whom  I  had  communicated  my  proposed  modification  of  his  method,  that 
it  has  been  tried  at  the  Koyal  School  of  Naral  Architecture  and  found  to 
answer  well. 


II,  "On  tlie  Tlicory  of  the  Maintenance  of  Electric  Currents  by 
Mechanical  Work  without  the  use  of  Permanent  ^lairnf^ts.^*  JJy 
J.  Clerk  Maxw£ll,  f  .K.S.   Received  Tebiuary  2b,  1867. 

The  machines  lately  brought  before  the  Royal  Society  by  Mr.  Siemens 
and  Professor  Wheatstone  consist  essentially  of  a  fixed  and  a  moveable 
electromagnet,  the  coils  of  which  are  put  in  connexion  by  means  of  a  com- 
mutator. 

The  electromagnets  in  the  actual  machines  hare  cores  of  soft  iron,  which 
greatly  increase  the  magnetic  effects  due  to  the  coils ;  but,  in  order  to 
simplify  the  expression  of  the  theory  as  much  a;^  possible,  1  ^hall  begiu  by 
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supposing  the  coils  to  have  no  cores^  and,  to  fix  our  ideas,  we  may 
them  in  the  form  of  rings,  the  smaller  rerolTuig  within  the  larger  on  a  < 
mon  diameter. 

The  equations  of  the  currents  in  two  neighbouring  circuits  are  gjiven  in 
my  paper  **0n  the  Kiectromagnetic  Field  and  are  there  nvniberad  (4) 
and  (5), 

where  x  and  y  are  the  currents,  ^  and  rj  the  electromotive  forces,  and  R 
and  S  the  resistances  in  the  two  circuits  respectively.  L  and  N  arc  the 
coefficients  of  self-induction  of  the  two  circuits,  that  is,  their  potentials  on 
themselves  when  the  current  is  unity,  and  M  is  their  coefficient  of  nutaal 
induction,  which  depends  on  their  relative  position.  In  the  electvomi^ 
netic  system  of  measurement,  L,  M,  and  N  are  of  the  nature  of  lines,  and 
R  and  S  are  velocities.  L  may  be  metaphorically  called  tlie  "  rlectnc 
inertia"  of  the  first  circuit,  N  that  of  the  second,  and  L-f  2M4-N  that  of 
the  combined  circuit. 

Let  us  first  take  the  case  of  the  two  circuita  thrown  into  one,  and  tlie  two 
coiU  rdativelj  at  rest,  so  that  M  is  constant.  Then 

(R+S)*+  ^^(L+2M+N)»-»0,  (I) 

whence 

«=s*„e"t+«M+N    ,  fO) 

where     is  the  initial  value  ot  tlie  current.    This  expression  shows  that  the 
current,  if  left  to  itself  in  a  closed  circuit,  will  gradually  decay. 
If  we  put 

K-fS         *  •    •  W 

then 

I 

m^xjTr  

The  value  of  the  time  r  depends  on  the  nature  of  the  coila.  In  coUt  of 
simihur  outward  form,  r  Yaries  as  the  Bi|uare  of  the  linear  dimension,  and 
inTersely  as  the  resistance  of  unit  of  length  of  a  wire  whose  section  is  the 
iom  of  the  sections  of  the  wires  passing  through  unit  of  section  of  the  coil. 

In  the  large  experimental  ooU  need  in  determbing  the  B.A.  unit  of  re* 
sistance  in  1864,  r  was  about  *01  second.  In  the  coils  of  electromagnets 
r  11  mneh  greater,  and  when  an  iron  core  is  inserted  there  is  aitill  greater 
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Let  ui  next  ascertain  the  elfeet  of  a  sudden  olumge  of  poiitkni  in  the  se- 
condary coil>  which  altera  the  falne  of  M  firom  M|  to  M,  In  a  time  i^—i^ 
during  wbiflh  the  eurrent  changes  from  »^  to  jP,.  Integrating  equation  (1) 
with  respect  to    we  get 

(K+S)r**rf^+(L+2M.+N>p,-(L+2M,+N>r,-0.  .  (5) 

If  we  Buppose  the  time  so  short  that  we  may  neglect  the  first  term  in  com- 
parison with  the  othen,  we  find,  as  the  effect  of  a  gudetem  change  of  position, 

(L  +  2M,+  NK=(L+2M^-i-N)j',  (fi) 

This  equation  may  be  interpreted  in  the  language  of  the  dynamical  theory, 
bj  saying  that  the  electromagnetic  momentum  of  the  circuit  remaina  the 
same  after  a  sudden  change  of  position.  To  ascertain  the  effect  of  the  com* 
mutator,  let  us  suppose  that,  at  a  given  instant,  currents  x  and  y  exist  in 
the  two  coils,  that  the  two  coils  are  then  made  into  one  circuit,  and  that 
is  the  current  in  the  circuit  the  instant  after  completion ;  then  the  same 
equation  (1)  gives 

(L4^2M-HN)x=(L+M>+(N+M)y  (7) 

This  equation  shows  that  the  electromagnetic  momentum  of  the  com- 
pleted circuit  is  equal  to  the  sum  of  the  electromagnetie  momenta  of  the 
separate  coils  just  before  completion. 

The  commutator  may  belong  to  one  of  fimr  difllerent  varieties,  according 
to  the  order  in  which  the  contacts  are  made  and  broken.  If  A,  B  be  the 
ends  of  the  first  coil,  and  C,  D  those  of  the  second,  and  if  we  enclose  in 
brackets  the  parts  in  electric  connexion,  we  may  express  the  four  varieties 
as  in  the  following  Table  : — 

(1)  (2)  (S)  (4) 

(AC)  (BD)       (AC)  (BD)       (AC)  (BD)         (AC)  (BD) 

(ABCD)         (ABC)  (D)       (A)  (BCD)       (A)  (B)  (C)  (D) 

(AD)  (BC)        (ABCD)  (ABCD)  (AD)  (BC) 

(AD)  (BG)      (AD)  (BC) 

In  the  first  kind  the  circuit  of  both  coils  remains  uninterrupted  ;  and 
when  the  operation  is  complete,  two  equal  currents  in  opposite  directions 
are  comhsned  into  one.  In  this  esse,  tiierefore^  y »  ^s,  and 

(L+2H+N)ar'-i(L-N)«.  (8) 

"When  there  arc  iron  cores  in  the  coils,  or  metallic  circuits  in  which  inde- 
pendent cnrrnits  caw  be  excited,  the  electrical  equations  are  mttdl  mOTO 
complicatL'd,  and  cmitaiu  as  many  independent  variables  as  there  canbem* 
ilependent  electromagnetic  quantities.  I  shall  therefore,  for  the  sake  of 
preserving  simpHcity,  avoid  the  consideration  of  the  iron  cores,  except  in 
so  far  as  they  simply  increase  the  values  of  L,  M,  aiul  N. 

I  shall  also  suppose  that  the  secondary  coil  k  at  ^ut  in  a  position  in 
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which  MbsO»  and  that  it  turns  into  a  position  in  which  Ms-»U[, 
will  increase  the  current  in  the  ratio  of  L+ N  to  L~2M+ N. 

The  commutator  m  then  reversed.  This  will  diminish  the  current  in  a 
ratio  dependbg  on  the  kind  of  oomrautator. 

The  secoodaiy  coil  is  then  moved  so  that  M  cliangesfrom  Mto  0>  wlikk 
will  increase  the  current  in  the  ratio  of  L-f  2M-I-N  to  L+N. 

During  the  whole  motion  the  current  has  also  heen  decaying  at  a  rate 
which  varies  according  to  the  value  of  L+^M+N;  but  since  M  Ymnm 
from  +M  to  — M,  we  may,  in  a  rough  theory,  suppose  that  in  the  expres* 
ston  for  the  decay  of  the  current  MsO. 

If  the  secondary  coil  makes  a  semireTolution  in  timeT,  then  the  ratio  of 
the  current ttbtar  a  Hmirevoltttion  to  the  enrrent  before  the  flemirero- 
lutioot  will  be 

irhere 

L  +  N 

g^S'    •  •  ^  W 


«nd  r  is  a  ratio  depending  on  the  kind  of  commutator* 
For  the  &i&t  kind. 

L-N  , 

'""r^oM^:^  m 

By  increasing  the  speed,  T  may  be  indefinitely  diminished,  so  that  the 
question  of  the  maintenance  of  the  current  depends  ultimately  on  whether 
r  is  greater  or  less  than  unity.  When  r  is  greater  than  1  or  less  than 
the  current  may  be  maintained  by  giving  a  sufficient  speed  to  the  machine; 
it  will  be  always  in  one  direction  ui  the  first  case,  and  it  will  be  a  redpneiu 
ting  current  in  the  second. 

When  r  lies  between  + 1  and  — 1»  no  current  can  be  maintained. 

Let  there  bejp  windings  of  wire  in  the  first  coO  and  q  windmga  in  the 
second*  then  we  may  write 

L=//*',   M^^mpq,   N=ii^,  (11) 

vherc  /.  in,  n  are  quantities  depending  on  the  shape  and  rdative  position  of 
the  coils.  Since  L— 2M+N  must  always  be  a  positiTe  quantity,  beingtbe 
coefficient  of  self-induction  of  the  whole  circuit,  jn— m^  and  therefore 
LN—M  must  be  positive.  When  the  eonmintator  is  of  the  first  kind,  the 
ratio  r  is  greater  than  unity,  provided  pm  is  greater  than  ga;  and  when 


which  is  the  muxioium  value  of  r« 
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"When  the  ratio  of  p  to  q  lies  between  that  of  n  to  in  and  that  of  vi  to  f, 
r  lies  between  +1  and  — 1,  and  the  current  mnst  dpcay  ;  but  when  jj(  is 
less  than  qm,  a  reciprocating  current  may  be  kept  up,  and  will  iucrease 
most  rapidly  when 

H('-\/^> 

and 

-('-£)"'.  

Whcti  the  conuimtator  is  of  the  second  kind,  the  hi  st  sLe|)  is  to  close  both 
circuits,  so  as  to  render  the  currents  in  them  independent.  The  second 
circuit  is  tlieu  broken,  and  the  current  in  it  is  thus  stopped.  This  produces 
an  effect  on  the  first  circuit  by  mductiou  determined  by  the  equation 

LdP+MysL«'+My'  (14) 

In  this  case  AL=— M^,  y^x,  and         so  that 

(L-M)xtBL»';  (15) 

where  .ris  the  original,  andx  the  new  vnhic  of  the  current. 

The  next  step  is  to  throw  the  circuits  into  one,  M.  being  now  positire* 
If  x"  be  the  current  after  this  operation, 

(L+M)ar'«(L+2M+N)y'  (IC) 

The  whole  effect  of  this  commutatoi  is  therefore  to  multiply  the  cnrrent 
by  the  ratio 

L(L+2M+N)' 

The  whole  effect  of  the  semirotation  is  to  multiply  the  current  by  the  ratio 

L+2M+N 
L-2M+N* 

The  total  effect  of  a  semirerolution  supposed  instsntaneous  is  to  multiply 
the  current  by  the  ratio 

If  p  and  q  be  the  number  of  windings  in  the  first  and  second  eoils  respeo* 

lively,  the  ratio  r  becomes 

*'^i(/ir'-2i«py+nj*)* 
which  is  greater  than  1,  provided       b  greater  than  (/j»+»% 

p     1/n  ,  «\  ,  1  _i_o"  1^* 
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we  bave  for  the  maximum  value  of  r. 


2- 


1  + 


V  w ,      *       f     m  I 


In  the  experiment  of  Professor  Wheatttone,  in  which  the  ends  of  the 
primaiy  coil  were  put  in  permanent  connexion  hj  a  short  wire^  the  eqns- 
tions  are  more  complioated,  as  we  have  three  cnrrents  instead  of  two  to 
oonnder.  The  equations  are 

B*+^(U+My)-i%f+i(M*+Ny)«Qf+^K:*,  .  (17) 

4r+y+jr«0  (18) 

where  Q,  K,  and  are  the  resistance,  self-iuduciiuii,  uiul  current  in  the 
short  wire.  The  resultaut  equations  arc  of  tlic  second  degree ;  but  as  thcr 
are  only  true  when  the  magnetism  of  the  cores  is  considered  rigidlv  cou- 
nected  witli  the  currents  in  the  coils,  an  elaborate  discussion  of  them  would 
be  out  of  place  in  wh.ut  professes  to  be  only  a  rough  explanation  of  the 
theory  of  the  experiments. 

Such  a  rough  explanation  appears  to  me  to  he  as  follows : — 

AVithout  the  shunt,  the  current  in  the  secondary  coil  is  alw«v?  in  ngiJ 
connexion  with  that  in  the  priir.ary  coil,  except  when  tlu  commutator  is 
changing.  With  the  shunt,  the  two  currents  aii-  in  soiiic  degree  indepen- 
dent; and  the  secondary  coil,  whose  electric  inertia  is  smnil  compared  with 
that  of  the  primary,  can  ha?e  its  current  reversed  and  varied  without  beu^ 
clogged  by  the  sluggish  primary  coil. 

On  the  other  hand,  the  primary  coil  loses  that  part  of  the  total  CQRent 
which  passes  through  the  shunt ;  but  we  know  that  an  iron  oorc^  whea 
highly  magnetised,  requires  a  great  increase  of  current  to  increase  its  mag- 
netism* whereas  its  magnetism  can  be  maintained  at  a  considerable  value  if 
a  current  much  less  powerful.  In  this  way  the  diminution  in  resistance 
and  self-induction  due  to  the  shunt  may  more  than  counterbalance  the  di- 
minntion  of  strength  in  the  prinuury  magnet. 

Aho,  since  the  self-induction  of  the  shunt  is  very  small,  aUmstantaneoas 
cnrrents  will  ran  through  it  rather  than  through  the  electromagnetic  coils, 
and  therefore  it  will  receive  more  of  the  heating  eflfect  ef  variable  cnrrents 
^thflii  a  comparison  of  theiesistanoes  alone  would  lead  na  to  especL 
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III.  "Ou  certain  Points  in  the  Theory  of  the  MagneLo-eiectric  Ma- 
chines of  Wilde,  Wheathtoue,  and  Siemens."  By  C.  F.Vakley, 
Esq.  In  a  Letter  to  Professor  Stoiles^  Sec.  &.S,  Received 
f  ebruary  26, 1867. 

Fleetwood  House,  Beckcuham,  S.B.f 
Februurv  2Z,  1667. 

My  Sir, — Professor  Whetstone  showed  that  a  shunt  put  into 

the  circuit  of  the  electromagnet  increased  the  power  greatly,  but  the  expla- 
nation thai  It  increased  the  power  by  equalizing  the  reiii^taiice  of  the  arma- 
ture and  that  of  the  electromaguet  is  either  wholly  incorrect,  or  very 
nearly  so. 

Yesterday  I  had  an  oj)portuuity  afforded  me  by  ilr.  C.  Siemens  of  expe- 
rimenting with  his  machine,  in  which  the  electromagnets  have  each  a  resist- 
ance of  about  250  Uhuis  —  oOO  Ohms,  the  armature  400  Ohms. 

On  addmg  a  bhuut  to  the  electromagnet  the  flaiiK  was  greatly  iucreased. 

The  two  electromagnets  when  connected  in  nes  had  a  resistance  of 
about  500  Ohms.  I  then  connected  them  in  a  double  circuit,  the  resist - 
mice  in  this  case  being  about  125  Ohms.  By  this  means  the  snmc  result 
as  regards  resist ;incp  could  be  obtained  as  by  a  shunt,  with  the  ilifiereiice 
that  the  power  eN])iM;ded  in  the  shunt  is  lost  iu  heat;  while  reducing  the 
resistance  hy  the  double  circuit  caused  the  whole  force  to  be  expeaded  on 
the  electromagnet. 

The  results  of  the  experiment  were— 

Ist.  The  ^hunt  inv;uiabiy  increased  the  power. 

2ndly.  When  the  magnets  were  joined  iu  double  circuit  the  power  was 

greatly  reduced. 

The  explanation  is  to  me  obvious.  In  a  Ruhmkorff's  coil,  where  the 
iron  core  is  divided  into  fine  wire,  so  that  the  dying  magnetism  cannot  set 
up  currents  in  the  iron  core  to  prolong  its  existence,  the  magnetism  is  Teiy 
rapidlj  lost,  and  the  make-and-break  hammer  works  veiy  rapidly,  some* 
limes  as  fiist  as  sixty  beats  per  second. 

If  the  secondaiycircmt  be  closed  so  that  the  currents  can  flow,  the  make* 
and-break  hammer  works  yery  slowly,  indeed  one  or  two  beats  peraeeond; 
and  in  1856  I  publislied  a  description  of  electromagnets  whose  aetimi  was 
"Yefy  slow,  and  which  irere  rendered  sluggish  by  a  copper  cylinder  around 

Wilde's  armature,  when  levolvuig,  sends  intermittent  currents  ar<mnd 
the  electromagnet,  whose  cireuit  is  broken  at  eYery  half  resolution  of  the 
armature. 

Were  the  magnets  composed  of  fine  iron  wire,  the  magnetiBm  would  die 
away  rapidly,  producing  a  Tiolent  current  hy  its  efforts  to  maintain  itself, 
as  in  the  Buhmkorff's  coik.  (This  current  is  called  hj  foreigners  the 
Gxtrapcorrent*^ 

The  shunt  which  Wheatstone  inserted  carries  this  current  across,  and  so 
maintains  the  magnetism  of  the  electromagnets  until  the  armature  gives  a 
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flecond  impnlse.  The  eunent  in  this  sIiuDt  will  be  fouod  to  trarel  in  alter* 
nate  directions;  ndt  eo  that  on  the  eleetromaguet. 

When  the  ennature  is  discharging  its  cnnrent  into  the  eleetnmuigiielib 
the  current  in  the  shunt  is  in  the  direction  it  would  have  if  the  shut 
were  in  dreoit  solely  with  the  armature. 

When  the  armature  is  changing  poles  and  is  disconnected,  the  seoondaiT 
current  is  in  full  play,  and  the  current  in  the  shunt  is  in  the  direction  of 
the  current  prolonged  in  the  electromagnet,  that  is,  of  the  extra  current. 

The  force  expended  in  the  slniut  is  wasted  in  heat ;  but  a  sceondarv  win? 
on  the  eleLl.ioiim<:nct  or  a  copper  cylinder  wouUl  very  greatly  add  to  the 
power  by  maintaining  the  mogaetLsm,  and  uot  cuubUtue  uselessly  the  force 
now  wasted  in  the  shuut. 

The  overlapping  of  the  armature  and  the  solid  mass  of  the  electromag- 
nets tends  to  maintain  imnerfectlv  the  mai^netism  during:  the  intc  rval^  ol* 
no  current  from  the  nnn  Uurc  ;  and  bnt  for  this  the  machines,  whether  tkey 
bcAVilde's,  Wheatstone  s,  or  Sieituns  s,  would  none  of  them  work. 

In  is'iu  I  published  a  dr^ciiption  of  two  machines  T  I^ad  constructed, 
and  III  18G2,  at  the  Universal  Exhibition,  I  exlubitcd  a  machine  for  adding; 
mechanical  force  to  static  electricity  without  friction.  A  machine  sitnilar 
in  principle,  but  a  little  different  in  construction,  has  been  exhibited  recently 
under  the  uame  of  Holtz. 

One  of  my  machines  bears  to  the  other  precisely  the  same  rdatioii  flat 
Siemen8*s  or  Wheatstone's  does  to  Wilde's. 

If  these  be  of  sufficient  interest  to  the  Royal  Society^  I  shall  be  liapiij 
to  exhibit  them. 

I  am,  my  dear  Sir, 

Very  truly  yours, 

a  F.  Yammjkt. 

IV.  ''On  a  MagQeto*electric  Machine/'  By  William  L&dd^ 
F.B.M.S*  Communicated  by  Professor  SroKse,  Sec.  KJS. 
Beceived  March  14, 1867. 

In  June  1864  I  received  from  Mr.  Wilde  a  small  magneto-electric  ma- 
chine, consisting  of  a  Siemens's  armature  and  six  magnets.  This  I  endea- 
voured to  improve  upon,  my  object  being  to  get  a  chst^p  machine  for  blast- 
ing with  Abel's  fhiees.  This  was  done  by  making  one  of  circular  magnet^ 
and  a  Siemens's  armature  revolving  directly  between  the  poles,  the  aniifr> 
ture  forming  the  circles ;  with  this  I  could  send  a  Tcry  considerable  power 
into  an  electro-magnet,  ftc.  It  was  then  suggested  to  me  by  my  assistant, 
that  if  the  armature  had  two  wires  instead  of  one^  the  current  from  ens 
being  sent  through  a  wire  surrounding  the  magnets,  their  power  wmdd  be 
augmented,  and  a  considerable  current  might  be  obtained  from  the  other 
wire  avaiUble  for  external  work  i  or  there  might  be  two  armatures,  cut  to 
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cudt  the  power  of  the  magnets^  tad  the  other  mide  a?wUUe  for  blaitiiig 
or  other  pnrpoees.  Waat  of  time  prevented  me  carrying  this  out  antil 
now ;  but  ainoe  the  interesting  papen  of  C.  W.  Siemens^  F.R.8.,  and  Pro- 
fessor Wheatstonsb  F.R.S.,  were  read  last  month,  I  have  carried  oat  the 
idea  as  follows : — Two  bars  of  soft  iron,  measuring  7i  in.  X  2|  in.  x  ^  in.,  are 
each  wounJ»  ronnd  the  centre  portions^  with  about  thirty  yards  of  No,  10 
copper  wire  s  and  shoes  of  soft  iron  are  so  attached  at  each  end,  that  when 
the  bars  are  phused  one  above  the  other  there  will  be  a  spsce  left  between 
the  opposite  shoes  in  which  a  Siemens's  armature  can  rotate :  on  each  of 
the  armatures  is  wound  about  tea  yards  of  No.  1 4  copper  wire  cotton- 
covered.  The  current  generated  in  one  of  the  armatures  is  always  in  con- 
nexion with  the  electro- magnets  ;  and  the  current  from  the  secon  l  arma- 
ture, being  pert'ecLly  free,  can  be  nsed  for  any  purpose  for  which  it  may  be 
required.  The  machine  is  altogether  rudely  constructed,  and  is  only  in- 
tended to  illustrate  the  principle ;  but  with  this  small  machine  three  inches 
of  platinum  wire  *01  can  be  made  incandescent. 

Mard^  21, 1867* 

Lieut.- General  SABINE^  i:'resideDty  in  the  Chair. 

Dr.  Thomas  Sterry  Hunt  and  Dr.  Thomas  Richardson  were  admitted 
into  the  Society. 

The  following  communications  were  read : — 

I,  "Computation  of  the  Lengths  of  the  Waves  of  I.i«;ht  corre- 
sponding^ to  the  Lines  in  the  Dispersion-Sprrtruni  measured 
by  K.irchhoff.''  By  George  ikoDELL  Aiav,  F.ii.S.,  Astronomer 
Royal.   Received  March  2, 1867. 

(Abstract.) 

The  author,  after  adverting  to  the  excellence  and  importance  of  the 
spectral  measures  made  by  Professor  KirchbofT,  points  out  that  these 
measnres  are  not  available  for  physical  inquiry  until  we  have  deduced  from 
them  the  length  of  the  light-wave  corresponding  to  each  line.  The  author 
therefore  undertook  the  work  of  computing  the  lengths  of  the  light-waTCS, 
For  this  purpose,  he  referred  to  Fraunhofer's  direct  measures  of  the  lengths 
of  the  wa^es  corresponding  to  certain  lines,  and,  ascertaining  the  numerical 
measnres  in  KirchhofTs  scale  corresponding  to  the  snme  lines,  he  expressed 
Frannhofer*s  wave-lengths  by  an  algebraical  formula,  in  which  the  variable 
quantity  was  KirehhofiTs  measure.  This  formuk  was  applied  to  each  of 
the  Imes  (about  1600  in  number)*  The  wave-lengths  were  at  first  ob- 
tiuned  m  parts  of  the  Paris  inch ;  but  all  were  nltimately  concerted  into 
parts  of  the  millimetre, 
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The  author  tlien  adverti  to  the  suspicion  of  inaccuracy  in  some  jmrtsof 
these  results,  arisiug  iVoni  the  circurnstanop  tliat  KirchhoflT s  appRratus 
was  not  always  in  precisely  the  same  slate  ot  adjustment.  Atter  expressing 
his  own  (i  priori  belief  that  the  error,  if  any,  must  be  eiitremely  saiall,  he 
adverts  to  the  comparison  wliirh  he  was  now  enabled  to  make  between 
direct  measnres  of  wave-length  by  Angstrom  and  Ditscheiner,  and  his  own 
computations.  Admitting  the  systematic  errors  of  Frauuhofer  which  ihe 
later  philosophers  have  iadicated*  and  the  erron  incideDtal  to  interpohtaoo 
aad  extrapolatioD,  the  remaining  discrepance  is  very  small.  Its  progreM  is 
io  easy  that  there  ia  no  difficulty  in  interpolating  its  value  for  any  one 
line;  and  thus,  using  the  computed  wave-lengths  of  this  memoir,  the 
wave-len^h  for  any  line  may  be  found  as  it  would  have  been  measured  hy 

Angstrjjm  or  Ditscheiner. 

In  the  tabular  part  of  the  communication,  the  principal  l^ble  contains 
KirehhoflTs  measures  and  symbols,  extracted  from  the  Berlin  Memoita 
18(»1  and  1862,  with  the  addition  throughoat  of  one  column  containing  the 
author's  computed  wave-lengths  expressed  in  parts  of  the  millimetre.  This 
is  followed  by  a  special  Table,  in  the  same  form,  for  the  lines  prodaced  by 
certain  metals  pot  included,  in  the  general  Table.  There  is  then  given  a 
Table  of  the  wave>lengths  corresponding  to  the  lines  produced  by  diflcrenc 
metals,  extracted  by  the  author  from  the  general  Table.  And  finally  there 
are  given  two  Tables  containing  respectively  the  comparisons  of  .iogstrom's 
and  Ditscheiner^s  direct  measnres  of  wave-lengths  with  the  wave-lengths 
computed  by  the  author. 

II.  *^  Or  a  remarkable  Alteration  of  Appearance  and  Structure  of 
the  Human  Hair.*'  By  EaASMUS  Wilion,  F.ILS.  BeoeiFcd 
March  12, 1867. 

I  have  the  honour  of  submitting  to  the  Boyal  Society  a  specimen  of 
human  hair  of  very  remarkable  appearance.  Every  hair  is  brown  and 
white  in  alternate  bands,  looking  as  if  encircled  with  rings;  and  this 
diange  of  aspect  extends  throughout  the  whole  length  of  the  hair,  and 
gives  to  the  general  mass  a  curiously  speckled  character.  The  brown 
segment  of  the  hair,  which  represents  its  normsl  colonr,  messnres  aboot 

of  an  inch  in  length,  or  something  less  than  a  quarter  of  a  line ;  the 
white,  or  abnormal  segment  about  half  that  length,  namely  of  an 
inch ;  and  the  two  together  about  ^  of  an  inch,  or  one-third  of  a  line. 

The  hair  was  taken  from  a  lad  aged  seveA  ^yisfs  and  a  half,  a  gentle- 
man's son;  he  is  reported  as  being  "  an  active,  healthy  boy,  quick  and 
intelligent."  He  was  delicate  up  to  the  age  of  four,  having  sufered  in 
quick  succession  the  diseases  of  childhood,  a  severe  attack  of  cronp^  and 
several  attacks  of  convulsions.  The  change  in  the  appeaiance  of  the  hair 
was  first  noticed  when  he  was  between  two  and  three  years  old,  and  has 
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inereaned  perceptibly  during  the  last  two  years.  There  is  no  similar 
alteration  of  structure  of  the  eyebrows  and  eyelashes.  His  complexion  is 
dark,  while  that  of  a  younger  brother  is  fair ;  and  the  latter  is  free  from 
any  aUerntion  of  the  hair. 

Examination  of  the  hnir  with  a  li  iis  shows  tliat  the  cylinder  of  the  hair 
IS  perfectly  uniform,  that  tlie  white  poruon  is  contained  within  the  cuticle 
and  occupies  the  whole  breadth  of  the  cylinder  ;  whilst  it  frequently 
presents  a  rounded  cone  at  the  central  extremity,  and  breaks  up  into  hbres 
at  the  opposite  or  distal  end  ;  and  in  some  instances  this  fibrous  structure 
is  apparent  at  both  ends  of  the  w  hite  segment.  Moreover,  by  tranaiuitted 
Hght,  the  wliite  segment  is  found  to  be  opake,  and  consequently  preaeDto 
a  dark  shade,  while  the  iotenuediAte  or  brown  portion  has  the  transparency 
of  normal  hair. 

When  the  transparency  of  the  hair  is  increased  by  immersion  in  (/anada 
balsam  slightly  diluted  with  spirits  of  turpentine*  the  white  and  opake 
segment  is  reduced  in  dimensions,  and  is  rendered  more  or  less  transparent 
by  imbibition  of  the  volatile  fluid  ;  moreoTer  it  is  clearly  demonstrated  by 
this  process  that  the  opacity  of  the  segment  its  whiteness  when  seen  by  re- 
flected light,  and  its  darlcness  hy  transmitted  light,  are  all  due  to  the  presence, 
in  the  fibrous  portion  of  the  hsir,  of  spaces  filled  with  air-globnles*  The 
air-spaoes  are  necessarily  very  nnmerous  and  assembled  closely  together ; 
while  at  the  ends  of  the  white  segment  they  have  more  or  less  of  a  linear 
arrangement,  and  give  a  fibrous  appearance  to  the  opalie  mass.  More* 
over  the  partial  transparency  of  the  hair  caused  by  the  balsam  demon- 
strates that,  besides  the  air-spaces,  large  and  small,  eontained  in  the  opake 
portion,  minute  air-spaoes,  sometimes  arranged  in  linear  order,  and  some- 
times eommunicating  and  forming  short  irregular  canals,  are  also  met 
with  in  the  transparent  part  of  the  hair.  And,  in  addition  to  the  minute 
air-spaoes  of  the  plates  of  the  fihrons  portion  of  the  hair,  an  aocumulation 
of  air*globules  is  also  very  apparent  in  the  cells  of  the  medulla. 

It  is  evident  from  this  examination  of  the  hairs,  that  they  are  imperfect 
in  structure  and  development,  and  that  their  imperfection  indicates  a  weak 
producing  organ,  and  probably  a  weakly  constitution  of  the  individual ;  that 
the  cells  of  which  the  tibrous  portion  of  the  hair  is  composed,  instead  of 
being  filled  \\h\\  a  homy  plasma,  are  tinged  with  aqueous  iluid,  and  thi? 
desiccation  oi  this  iluid  leaves  behwjd  it  vacuities  which  in  the  subseqiu  nt 
growth  ot  the  shaft  become  filled  with  air.    The  most  reoiarknble  pheno- 
menon in  conutxiou  with  the  case,  however,  is  the  alternation  ot  im perfect 
and  perfect  cells,  the  pt  T  idil  of  continuance  of  the  two  procr>>(  s  (.sup- 
po>nig  ihcm  to  be  equally  in  live  in  point  of  time)  being  twice  as  long  for 
the  perfect  as  for  the  imperfect  structure- 
Since  the  publication  of  the  observations  of  Bcrthold  in  Muller's  *Arcbiv' 
for  18j0,  it  is  generally  believed  that  the  bnir  ^^n  w-^  faster  during  the  day 
than  duruig  the  niLrbt  ;   hence  the  first  sniriiestion  that  ocrurred  to  me  in 
connexion  with  the  present  case,  seeing  that  the  white  or  opake  segment 
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was  shorter  by  one-lmif  timn  t!ie  brown,  was  that  the  ibriiicr  represented 
the  slower  growth  by  night,  and  tlic  latter  the  quicker  growth  by  day — the 
wliite  and  tlio  brown  together  representing  an  entire  day  of  twenty-four 
hours.  But  other  observations  l»y  myself  iiave  given,  as  the  average 
growth  of  the  hair  of  the  head  in  persons  who  had  been  shaved,  -J  of  aa 
inch  for  the  week,  and  consequently  -r;^  of  an  inch  for  the  twenty-four 
hours.  Now  the  leugth  of  hair  comprehended  by  the  white  and  the 
brown  in  the  present  case  is  ^  of  an  inch,  and  consequently  a  much 
more  active  growtli  than  is  normally  met  with — corresponding  in  fact,  in 
a  similar  ratio,  witli  thirty-seven  hours  instead  of  tweuty-four. 

I  therefore  refrain  from  speculating  npon  the  cause  of  alternation  of  the 
healthy  and  morbid  structure  presented  by  this  case,  and  restrict  myself  to 
the  narration  of  the  fact  that  during  a  certain  space  of  tim^  amounttn:: 
to  a  day  or  more,  the  hair  is  produced  of  normal  structure,  while  during 
another  space  of  time  of  undetermined  extent  the  hair  is  produced  tu- 
healthily, — ^tbat  the  periods  of  healthy  formation  correspond  pretty  noen- 
rately  in  extent,  ts  do  those  of  unhealthy  formation,  while  tlie  latter«  in 
measurement,  are  only  h^lf  as  ext^siveas  the  former, — ^moreover,  that  the 
differences  of  the  pathological  operation  are,  the  production  of  m  homy 
plasma  in  the*  normal  process,  and  of  serous  and  watery  celUcontentfl  in 
the  abnormal  process. 

I  may  further  observe  that  it  is  by  no  means  improbable  that  the 
"dead"  and  faded  hair  which  is  met  with  after  some  illnesses  aod  in 
instances  of  debilitated  health  may  be  due  to  a  similar  pathological  prooess, 
although  wanting  in  the  periodicity  and  alternation  which  render  the 
present  case  so  remarkable. 


III.  Kcmarks  on  the  Nature  of  Electric  Energy^  and  on  the 
Means  by  which  it  is  transmitted."  By  Charles  BaoOKJB, 
M.A..,  P.M.S.,        Received  March  19,  1867. 

Tlin  writer  has  clearly  shown  the  iiiLercliange  of  thermic  and  dynamic 
energy  at  the  point  of  junction  of  the  bars  of  a  therm o-electric  clement  of 
antimony  and  bismuth*,  and  he  has  also  pointed  outf  that  the  dynamic 
nature  of  electric  energy  is  not  less  elearly  indicated  by  the  long-known 
fact  that  an  ordinary  voltaic  current  always  commences  with  a  rush,  as  it 
were,  the  instant  that  the  circuit  is  closed.  The  dynamic  cause  of  this 
is  clearly  pointed  out  by  an  experiment  due  to  the  genius  of  Prof. 
Wheatstone.  If  a  tuning-fork,  the  tail  of  w  hich  is  hiserted  luugitndinally 
into  a  wooden  handle,  like  a  file  or  chisel,  be  made  to  vibrate,  and  the  end 
of  the  handle  rested  obliquely  on  a  table,  the  resonance  of  the  table  will 
instantly  be  heard ;  but  on  moving  the  diapason  parallel  to  itself  in  any 

♦  Phii  Mag.  Nov.  1866.  t  Ibid.  JDoc.  \h^. 
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dirccHon  on  tlie  table,  the  reionanoe  oeaws,  from  tlie  perpetual  mterferenee 
of  the  suceeenve  planes  of  vibradoti  with  eeeh  other.  But  now  comes  the 
illustiation : — On  arretting  the  motion  of  traoBlation,  the  resonance  imme- 
diatelj  reoommences,  but  with  a  rush  or  momentary  increase  of  sound : 
thb  must  unquestionably  arise  from  the  resistance  ofibred  by  the  inertia 
of  the  molecules  of  wood  to  the  recommencement  of  waTe-motion ;  and  the 
parallel  phenomenon  in  electricity  may  undoubtedly  be  similarly  accounted 
for.  And  the  reflex  momentary  current  (the  terminal  extra-current  of 
Faraday),  which  is  well  known  to  take  phice  at  the  instant  of  openii^  the 
eiiMt,is  equally  susceptible  of  adynamic  interpretation:  it  is  the  anap 
logue  of  the  ware  reflected  from  the  fixed  end  of  a  stretched  cord,  after 
having  been  imparted  by  the  hand  to  the  free  end. 

The  dynamic  nature  of  electric  energy  is  clearly  indicated  by  the  dy- 
namo-electric*  machine  of  Holts,  in  which  dynamic  is  directly  converted 
into  electric  energy. — and  by  the  cognate  machines  of  Wilde,  'Wheatstone* 
Siemens,  and  Ladd,  in  all  of  which  alike  there  is  an  intenrening  conver> 
aion  of  dynamic  into  msgnetic  energy.  The  enormous  amount  of  current- 
energy  eroWed  in  Mr.  Wilde's  machine  when  the  power  of  a  steam-engine 
18  employed  to  rotate  the  armatures  may  be  judged  of  hy  the  fact  that  a 
loiv^  piece  of  platinum  wire  0*2  inch  in  thickness  was  seen  to  be  disinte- 
grated and  pardally  fused.  It  u  difficult  to  oonceiTe  that  in  these 
instances  dynamic  energy  can  he  converted  into  magnetic  '"fluid,"  and 
that  again  into  thermic  energy;  the  converrion  of  motion  into  matter, 
and  the  subsequent  reconversion  of  matter  into  motion,  are  obviously  im- 
possible. 

Some  further  consideration  of  the  effects  of  electric  energy  may  servo 
to  indicate  the  probable  nature  of  the  wave-motion.  The  facts  of  electric 
and  magnetic  polarity  imply  and  necessitate  a  polarity  or  directionality  in 
the  motion  itself,  which  has  no  aiialogue  in  the  waves  of  sound,  light,  or 
heat.  This  requirement  is  fully  met  by  the  hypothesis  of  a  circular  spiral 
wave,  the  motion  of  which  is  direct  or  positive  if  viewed  from  one  end, 
and  retrograde  or  laj^ative  if  from  the  uther ;  and  this  sufticea  to  explaiu 
the  well-known  polarity  ot"  electric  and  magnetic  indue tiou. 

Tliujj  far  the  spiral  hypothesis  is  merely  inferentiul ;  but  in  regard  to 
magnetic  wave-motion  some  strong  presumptive  evidence  may  be  adduced. 
It  ajipears  from  the  experimeutii  of  Mr.  Joule,  made  more  than  twenty 
years  ago,  that  if  a  suspended  mass  of  copper  be,  by  twisting  the  suspen- 
sion, made  to  rotate  between  the  poles  of  an  unexcited  electro- magnet,  the 

*       writer  ham  elMwhexe  applied  (SlfliiMnts  of  IVatund  Fliiloaophy,  p.  660,  «ol*) 

.9  dofinito  and  intelligible  m(»ining  to  the  constmction  of  those  oompoimd  tonus  whieh 

niust  bo  coiisfiiiitly  employed  in  relation  to  the  conversions  of  vrxprgx.  This  may  be 
accomphfilied  hy  takiTig  ihi-  first  section  of  the  term  to  moan  the  avCitu)  cau-tr,  thv 
HWOTid,  the  retuUiut/  effect :  thus  a  ilvnamo-electric  niaeliinc  will  be  one  in  vvliicli 
dynamic  energy  is  employed  to  prodiu  e  an  eleetric  curit  nt  ;  and  an  electro-dyuauiic 
cogine,  one  in  which  a  ourvent  is  employed  to  evolve  dynamic  eneijgy. 
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rotation  of  the  mass  is  trrested  the  in«tant  the  iiiaguet  is  excited;  iod 
furthermore,  if  the  mass  be  for(  ildy  rotated,  heat  is  developeLl  in  it.  And 
it  has  since  been  ascertained  that  if  two  cylindrical  magnets  be  so  placed 
that  tlu'ir  axes  he  in  the  same  straight  line,  their  contrary  poles  bein* 
opposed  to  each  other,  tlien,  if  a  cylinder  of  copper  he  made  to  rotate  ca 
its  own  axis,  coinciding;  with  the  common  axis  of  the  magnet^  ao  heatviil 
be  evolved  by  its  rotation 

Now  these  phenomena  must  alike  be  the  necessary  consequences  of  the 
assumed  dynamical  tlieory ;  for  if  the  copper  molecules  be  thrown  into 
spiral-wave  motion,  analogous  to  that  of  a  pencil  of  circulariy  polarized 
light,  then  the  motion  of  all  the  dbturbed  particles  will  be  one  of  rerolo* 
tion  in  planes  to  which  the  lines  of  magnetic  force  are  normals  :  and  the 
inertia  or  energy  of  rotation  (as  it  has  been  Tariously  termed),  the 
resistance  offered  by  each  revol?ing  particle  to  any  ebange  in  the  directioo 
of  its  axis  of  rerolntion  (as  exemplified  by  the  gyroscope),  will  resist  the 
rotation  of  the  mass  in  any  direction  perpendicular  to  that  of  the  axes  of 
molecular  revolution,  and  arrest  its  motion.  And  converaelyy  if  the  nsn 
be  fordbly  rotated  in  the  above  direction,  or  in  any  other  dtrectioD  «t 
right  angles  to  the  lines  of  magnetic  foree,  heat  will  be  freely  developed, 
doabtless  by  internal  friction  arisittg  from  the  perpetual  displacement  of 
the  planes  of  molecular  rerolution.  But  in  the  second  case,  the  axis  of 
rotation  of  the  mass  coincides  in  direction  with  those  of  the  axes  of 
molecular  revolution ;  hence  there  is  no  displacement  of  the  moteenbr 
orbits,  and  consequently  no  internal  friction,  and  very  little  if  any  best  ii 
generated. 

The  rotatoiy  character  of  the  magnetic  wave  is  further  confirmed  hf 
the  known  fact  that,  if  a  plane-polariied  beam  pass  through  a  transpsRst 
solid  in  the  direction  of  the  lines  of  force  of  a  powerful  electro-magnet,  tbe 
plane  of  polarization  will  be  rotated  the  instant  that  the  magnet  is  excited. 
The  truth  of  a  theory  can  be  established  only  by  the  verification  of  its 
necessary  consequences ;  and  it  may  not  be  too  much  to  assume  thst  in 
the  present  case  the  evidence  already  adduced  by  the  writer  is,  in  tbe 
entire  absence  of  all  contradictory  evidence,  strongly  presumptive  of  the 
reality  of  the  hypothesis. 

It  has  been  authoritatively  stated  tliat  ordinary  electric  and  uiaguetie 
waves  cuntiot  both  be  assumed  to  be  spirals,  because  each  of  these  forms 
of  energy  notoriously  evolves  the  other  in  a  direction  perpendicular  to  it* 
course;  and  the  question  is  not  witliuut  grave  dynamical  difficulties;  bat 
they  mav  perhaps  not  be  insuperable.  It  may  j  ussibly  be  that,  from  some 
unknown  constraining  condition  or  property  iniicrcnt  in  magnetic  bodie?, 
a  spiral  wave,  on  being  constrained  into  a  spiral  course,  may  lose  iti 
original  spirality,  and  become  a  secondary  sjiirul,  bavins:  molecular  motioQ  \ 
in  a  direction  ])erpeiitiieii]ar  to  that  of  tVie  pritnary  spiral.  i 

The  rehitioiis  l  etwren  i  Ici  trie  energy  and  some  of  its  o1)-iT\ed  physical 
results  havmg  tiius  been  interred,  the  question  next  arises  as  to  the  ualunr  . 
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of  the  media  by  which  the  aevenl  modes  of  niolioii  are  tnmsmitted.  It  is 
nnqiiestionable  that  sonnd-waTes  are  tiansmissiUe  bj  all  kindi  of  matter ; 
.bat  cao  any  vatid  leason  be  assigned  in  ikvoiir  of  the  still  prevalent  opinion 
that  other  modes  of  wave-motion  are  incapable  of  transmiMion  by  ordinary 
matter?— this  ineapscity  being  implied  in  the  adoption  of  the  self-contra- 
dictory hypothesis  of  an  imaginary  medium,  not  cognizable  by  any  known 
means  of  perception. 

It  is  a  remarkable  fact  that  in  all  the  superseded  crude  notions  of  physical 
causation,  each  phase  of  physical  cneri^y  has  been  presented  in  the  garb 
either  of  impalpable,  imponderable  (in  I'act  immaterial)  matter  itself,  or  of 
the  vibrations  thereof ;  and  to  some  of  these  hypotheses  have  been  suc- 
cessively added  some  violent  8uj>j>lcnientary  hypothesis,  in  order  ade- 
quately to  meet  the  rerjuirements  of  advancing  kiuiwltdge. 

To  begin  with  chemical  action: — What  are  now  universally  recosrnizeii 
as  simple  metals  were  once  supposed  to  consist  of  ^om^  earthy  matter  ( tlu  ir 
oxides  1  (  niiil)inf'd  with  *'  Pbloiriston," — i\kQ  material  pnuciple  of  briUiancy. 
But,  II iiJurlunately  for  the  theory,  it  was  soon  found  tliat  the  nutals,  on 
partmg  with  their  *ihare  of  phlogiston  (i. becomnig  oxidated),  not  only 
did  not  lose  any,  but  actunlly  (icqmred  weip;ht ;  therefore  phlogiston 
was  assumed  to  be  not  only  imponderable,  but  Ay/jer- imponderable— 
I.e.  endowed  with  the  property  of  absolute  levity,  or  negative  weight! 

In  the  next  place,  the  Newtonian  theory  of  light  assumed  light  to 
consist  of  molecules  (of  course  ia^fimderable)  emanating  from  the  source 
of  light,  and  impinging  on  the  perceptive  organs  of  vision.  But  this 
hypothesis  would  not  fit  the  phenomena  of  diffraction  and  interference ; 
and  to  suit  these  physical  facts  the  moleculea  muat  either  be  thrown  into 
periodical  fits  of  transmission  or  reflection,  or  the  ray  must  be  a  row 
of  egg-shaped  molecules  perpetually  making  isoperiodic  somersaults,  and 
plunging  into  a  medium  if  they  come  on  their  heads^  or  bounding  off  if 
they  fall  against  it  sideways.  Then,  again,  heat  was  sopposed  to  consist  of 
material  particles  emanating  from  the  source  of  heat ;  and  as  a  ball  of  ice 
placed  in  one  focus  of  a  concave  mirror  was  found  to  lower  the  temperature 
of  a  thermometer  placed  in  the  conjugate  focus,  there  were  assumed  to  be 
partidea  of  eM^  as  well  as  of  ktat  x  it  is  needless  to  add  how  completely  the 
theory  of  exchanges  accounts  for  these  facts.  At  length  these  wild  specula* 
tiona  were  superseded,  and  light  and  heat  were  admitted  into  the  category 
of  wave-motion ;  but  electricity  and  magnetism  were  still  supposed  to  be 
either  single  or  duel  forms  of  *'  fluid  "  matter ;  and 

(  '  Soxa  ctuiiu  mulli  dtira  tcnuitur  aquA  '") 

these  ''fluids"  are  probably  still  running  in  the  deep  channels  they  have 
worn  in  some  philosophic  minds. 

But  the  principle  of  admitting  imponderability  into  the  categoiy  of 
legitimate  physical  hypotheses  had  become  tacitly  accepted;  and  the 
conclusion  was  at  once  jumped  at  by  the  authors  of  the  unduUtoiy  theory 
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that  the  waYe-motiomi  of  light  and  heat  take  place  ia  an  impomkrM 
highly  elastic  floid  medinoiv  pervading  all  epeoc^  and  all  matter^  doie- 
minated  "sther:**  and  this  theoty,  with  all  its  inoonsistencies  and  inooo- 
sequenoeSft  is  still  in  all  probability  geneiallj  entertained. 

That  some  highly  elastic  and  attenoated  medinm  perredesinfimteapM^ 
as  the  medium  of  transmission  of  the  energies  of  light  and  heat  (the  raj 
main-springs  of  organic  existence)  from  the  centre  of  each  solar  ayatmn  Co 
ita  dependent  satellites,  is  a  necessary  consequence  of  the  undulatorr 
theory :  its  existence  is»  in  fact,  demonstrated  by  the  periodic  retardation 
of  Bncke's  Comet.  But  the  remainder  of  the  hypothesis,  namely  that  all 
palpable  matter  is  pervaded  by  sether  for  the  purpose  of  transmitting 
light-  and  heat-waves,  is  by  no  means  equally  necessary,  or  even  tenable ; 
for  not  a  sUadow  of  evidence  of  the  inadequacy  of  all  matter  to  transmit 
these  motions  has  ever  been  produced,  and  in  default  of  such  eviJi  iuc  the 
contrary  hypothesis  is  at  least  equally  tenable :  and  moreover  the  tnierfti- 
tial-tether  theory  (in  common  with  all  preccdaig  physical  theories  involving 
impoiidcrability)  is  burdened  with  grave  inconsistencies.  In  the  first  place 
the  well-kauwii  piirnonu.na  of  single  and  double  refraction  and  polarization, 
whether  of  light  or  iieat,  necessitate  the  somewhat  violent  hypothesis  that 
the  elasticity  of  the  supj>08ed  transmitting  medium,  aether,  is  not,  as  it  is  in 
all  cognizable  fluids,  a  fixed  and  certain  quRli'y  ca{)able  of  numerical  esti- 
mation, but  an  (  vor-varying  quality,  dependnig  quantitatively  on  the  tlis- 
ticity  of  adjacent  matter,  and  even  varyin!?  in  ticn  or  three  directions  within 
the  same  body  :  it  would  be  not  more  repugnant  to  reason  to  assume  that  the 
elasticity  of  a  gas  is  one  thing  in  a  glass  bottle  and  another  in  one  of  brass, 
or  that  the  specific  gravity  of  silver  is  a  function  of  the  moon's  age,  or  the 
melting-point  of  gold  dependent  on  the  sun*s  zenith-distance.  Secondlr, 
the  fundamental  ideas  of  inertia,  energy,  and  "work"  are  inseparabir 
associated  with  gravitation ;  and  it  seems  to  imply  a  contradiction  of  teriii% 
to  impute  either  inertia  or  energy  {i,e,  the  capability  of  doing  work)  to M 
imponderable  particle,  which  is  consequently  destitute  of  attraction  for  any 
other  particle  in  the  universe. 

The  known  enormous  velocity  (of  probably  not  less  than  250,000  mika 
in  a  seeond)  at  which  electricity  travels  through  a  copper  conductor  is 
complete  evidence  that  ordinary  matter  is  capable  of  transmitting  mmt 
thing  (whether  matter  or  motion  it  signifies  nothing  for  the  present 
argument)  at  a  considerably  greater  velocity  than  the  waves  of  light  and 
heat ;  why  should  not  appropriate  kinds  of  matter  be  assumed  capable  of 
transmitting  these  also?  And  if  so,  the  need  of  the  interstitial  presence  of 
aether  ceases  altogether ;  and  it  may  with  great  advantage  be  excluded  from 
the  domains  of  ponderable  palpable  matter  by  the  very  mild  hypothesii 
that  it  is  not  ndeeible  with  air,  any  more  than  oil,  or  paipaHe  ether,  wiA 
water,  but  that  it  floats  above  the  boundary  surface  of  our  atmospheie. 
This  hypothesis  is  not  repugnant  to  reason,  nor  adverse  to  physical  expe- 
rience. On  this  supposition  it  is  no  longer  needed  to  impute  to  aethrr 
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impondenlnlttj ;  it  wfll  be  competent  to  fulfil  its  divine  mission  of 
transmitting  light  and  heat,  without  doing  any  violence  to  some  of  the 
most  fundamental  notions  of  dynamics  ;  and  thus  im ponderability  may 
cease  to  be  reckoned  amongst  the  phyaical  attributes  of  matter. 


March  28,  1867. 
Lieat-Genefal  SABINE,  Piesident,  in  the  Chair. 

The  following  oommnnicfttions  were  read : — 

I.  "A  Comparison  between  some  of  the  simultaneous  Records  of 
the  Barographs  at  Oxford  and  at  Kow.*'  By  Balfour  Stknvakiv, 
LL.D.,  F.R.S.,  Superintendent  of  the  Kew  Observatory.  Re- 
ceived March  4,  1867. 

Through  the  kindness  of  the  Her.  Kobert  Mun,  director  of  the  Red* 
cliife  Obserratory^  Oxford,  certain  marked  features  of  the  curves  produced 
by  the  barographs  at  Oxford  and  at  Kew  were  compared  together  on  four 
separate  occasions  In  the  year  1863. 

These  comparisons  are  the  more  interesting- that  they  were  all  made 
during  squalls  or  storms ;  for  on  such  occasions  It  is  found  that  the  baro- 
graph curves  exhibltmg  the  height  of  the  barometer  from  moment  to 
moment  present  cnrious  dbaracteristic  points,  without  which  indeed  no 
such  comparisona  could  be  made. 

The  result  for  these  four  occasions  in  1863  was  as  ibllows  : — 

iiir_t-_L.  __f  rTiL-tiL-LL.  Date  G.  M.  T.  Oxford  i.s  beibre 

Native  of  dukarbanoe.  ^^^^^^^  Kew. 

Sudden  increase  of  pressure  ' 
during  equal!  of  30th  Oc- 
tober 1863    2.30  P.M.  3.9  P.M.?     39  minutes 

Sudden  increase  of  pressure  (probably), 
during  squall  of  21st  No- 

Tcmber  1863    4.0  p.m.  4.45  p.m.      45  minutes. 

Peculiar  points  in  the  curves 

of  December  3,   I8G3   (a  2.40  a.m.  3.3."»  a.m.      55  minutes, 

stormy  day)   6.50  a.m.  7.40  a.m.      50  minutes. 

^fr.  Main  has  kindly  called  mv  attention  to  a  well-marked  minimum  iu 
tlie  Oxford  enrre  fax  February  6,  1867,  which  was  also  a  stormy  day. 
This  minimum  occurred  at  Oxford  at  2.20  a.m.  of  that  day,  while  at  Kew 
it  did  not  occur  until  3.15  A.M.  Oxford  was  thus  on  this  occasion  55 
minutes  before  Kew. 

The  peculiaritj  of  this  last  oocasion  is  the  smgutar  hkeness  between  the 
two  curves.  I  have  not  compared  together  any  other  features  of  these 
carves,  nor  perhaps  could  this  be  done  with  exactness ;  but  the  general 

TOL.  XY.  2  m 


Digitized  by  Google 


414       M.  Neuuiayer  on  the  Lunar-diurnal  Variation      [March  28, 

impreBsion  is  that  the  diaiiges  of  pressnn  at  Oxford  were  IblknKi  ^ 
simikr  changes  at  Kew»  only  nearly  an  hoar  later. 

It  la  premature  (until  we  obtam  more  informatioii)  to  OBter  mto  t 
discussion  of  the  rate  of  progress  of  storms ;  but  we  aie  qmte  jostiiiedii 
considering  the  barograph  an  instrument  extremely  wdl  adapted  ts  a- 
tend  our  knowledge  of  atmospheric  disturbances. 

We  see  that  on  those  very  occasions  when  this  knowledge  is  nnt 
inturestiiiic  tlie  barograj>li  comes  forward  to  our  assistance,  and  presents u 
with  results  wljich  could  not  possibly  be  obtained  otherwise  than  fcf  t 
system  of  continuous  registration.  It  does  not,  however,  I'oUow  that,  while 
a  continuous  record  is  by  far  the  best,  other  records  are  of  no  value;  for 
should  an  observer  be  placed  beside  an  ordinarj'  barometer  during  tltf 
crisis  of  a  storm,  observations  made  in  rapid  succession  and  accuratelT 
timed  would  be  of  very  grtut  assistance.  Such  an  obairvcr  woidd  in  laa 
produce  ap])ruxunHtely  a  record  similar  in  kind  to  that  oi  a  barograph, 
although  inferior  in  value. 

It  ought  here  to  be  noticed  that  two  stations  are  not  enough  to  enable 
us  to  determine  either  the  direction  iu  which  an  atmospheric  distnrbancf 
is  propagated  or  the  rate  of  ])ro[  a[ration.  It  is  only  on  the  i!n]»rob&blf 
supposition  that  all  such  disturbances  travel  in  r  direct  line  from  Oxford 
to  Kew  that  barographs  at  these  two  places  migiit  be  deemed  enough,  h 
order  to  obtain  the  greatest  amount  of  information  which  such  instruiDeat^ 
are  capable  of  affording,  it  is  evidently  necessary  to  multiply  our  staiiow 
and  to  distribute  them  judiciously  over  the  surface  of  the  country.  Nor  b 
it  desirable  to  confine  ourseWes  to  one  meteorological  element,  but  the 
barograph  should  be  accompanied  by  a  thermograph  and  a  self-registerinr 
anemometer.  As  this  is  the  system  about  to  be  pursued  by  the  fiosid  ^ 
Trade  in  their  chief  meteorological  stations  in  the  British  Isles,  we  aaj 
reasonably  hope  that  before  long  we  may  by  this  means  receiTe  a  Inft 
accession  to  our  knowledge  of  the  laws  which  regulate  atmoepheiiedii* 
turbsnces. 

II.  "  On  the  Lunar-dinmal  Variation  of  the  Magnetic  Declinatioo, 

with  special  regard  to  the  Muon^s  Declination."    By  G.  Nst!- 
^  MAYER.  Communicated  by  the  President.    Received  March II 

(Abstract.) 

The  hourly  records  of  the  magnetic  declination  systematically  kept 
tlie  Flagstaff  Observatory  at  Melbourne,  Victoria,  during  the  period  froo 
the  1st  of  May  \Hb^  to  the  28th  of  February  1863,  have  been  diseased 
by  the  author,  with  a  view  to  determine  the  lunar-diurnal  variation  to  wluc^ 
that  magnetic  element  is  subject.  The  results  arrived  at  in  the  course  of 
this  discussion  elicit,  he  believes,  facts  hitherto  nnnoticed,  to  which  it 
^eems  desirable  that  the  attention  of  scientific  men  should  be  diieetnL 
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The  prooew  employed  In.fedacbg  the  obsenrations  was  ideDtical  with 
that  generally  adopted  in  sach  caaea.  The  diatnrbed  obaemtiona  were 
firat  eliminated,  b>  rejecting  all  that  diffned  from  the  final  nonnal  belong- 
ing to  the  aame  solar  hour  by  more  than  a  certain  aeparating  value,  which 
waa  taken  at  3*61  mhintea  of  are.  The  elimination  of  the  larger  disturb- 
ances  having  been  thus  effected,  from  every  remaining  reading  (E)  of  the 
magnet's  direction  the  final  normal  (N)  belunging  to  that  solar  hour  was 
subtracted,  so  that  the  residue  R—N  is  devoid  of  the  influence  of  the  &olur- 
diurual  vuriaLiun.  This  residue  is  positive  when  the  north  cud  of  the 
needle  is  to  the  east  ul  its  mean  position,  and  negative  in  tlic  contrary  case. 
TIr-  number  of  observations  at  command  amounted  to  38,11)1,  ol"  which 
41/8  single  observations  were  excluded  irom  the  discussion  as  being  beyond 
the  assumed  limit  used  for  sejiaiatiug  the  greater  magnetic  disturbances, 
lea \  in.'  :U,U16  available  for  the  purpose  of  determining  the  lunar-diurnai 
variation. 

The  treatment  of  the  residues  with  a  view  to  classification  nrcor«ling  to 
lunar  hours  pres^e i\red  no  particular  novelty.  It  may  be  mentioned,  how- 
ever, that  before  entering  on  any  goneral  discussion,  every  month's  result 
w.^s  calculated  separately.  The  values  for  die  various  montiis  were  after- 
wards arranged,  irrespectively  of  the  year,  in  two  groups,  viz.  Sun  South 
(October  to  March)  and  8un  North  (April  to  September).  Thus  the  mean 
lunar-diurnal  variation  was  obtained  separately  for  each  half  of  the  year,  as 
well  as  for  the  whole  year.  On  examining  the  results,  irregularities  in  the 
Innar-diumal  variation  presented  themselves  which  seemed  to  show  that 
that  variation  depended  in  some  degree  on  the  moon's  position  with  refer- 
ence to  the  equator,  on  the  drcnmstanee  whether  her  declination  were 
north  or  south. 

X  Accordingly  the  whole  series  of  observations  were  rearranged  in  groups, 
"Deelination  of  the  Mooa  South  "  and  Declination  of  the  Moon  North,'* 
so  ns  to  canae  her  declination  to  be  divided  between  the  honra  of  the  day» 
all  those  days  being  rejected  on  which  the  moon  was  close  to  the  equator. 
The  118  groups  of  Innar-diurnal  variation  thus  formed  were  aubseqnently 
classified  according  to  whether  the  sun's  declination  was  south  or  north. 

A  Table  waa  thna  formed  giving  for  each  lunar  hoar  the  lunar-diumal 
variation  of  the  magnetic  declination  separately  under  each  of  nine  condi- 
tions formed  by  combming  each  of  the  three  eonditionsy  Sun  South  and 
North,  Sun  South,  Sun  North,  with  each  of  the  three  Moon  South  and 
North,  Moon  South,  Moon  North.  The  results  given  numerically  in  the 
Table  were  alao  laid  down  graphically  in  curvea. 

A  glance  at  the  curvea  ahowa  that  the  lunar-diumal  variation  must  be 
regarded  aa  being  influenced  by  botli  the  aun  and  the  moon ;  for  it  ia  seen 
that  in  case  the  dedmationa  of  the  two  bodiea  are  of  the  same  name,  the 
enrvea  ahow  greater  regularity  than  in  the  contrary  case. 

The  question  whether  during  the  winter  aeason  any  lunar-diumal  varia- 
tion can  be  traced  at  all  can,  the  author  conceives,  no  longer  be  entertamed 
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if  we  pay  due  attentioa  to  the  facts  which  may  be  (^ned  from  the  Table. 
Indeed  it  is  afterward  shown,  in  diacussing  the  indindQal  years  of  oUsuia- 
tion«  that  in  some  cases  the  Iimar-dinnial  ▼ariaftioninamfestaitself  in  afcij 
strildDg  manner  during  the  winter  months. 

On  examining  the  results  of  the  tnqoliy  for  the  sereial  yean  of  obaervar 
tion,  obvious  differences  are  recognised  on  comparison.  This  waa  cqie- 
dally  remarkable  as  regards  the  year  1 861,  which  was  the  more  striking  as 
the'  year  I860  did  not  exhibit  any  such  extraordinarv  deviations  from  the 
mean  values.  At  first  some  error  was  suspected  in  the  deduction  of  the 
results;  but  a  perfectly  independent  and  fresh  discnssum  gave  results 
agreeing  in  the  main  points  with  those  prerioudy  arrived  at 

In  the  course  of  the  year  1861  the  instruments  prevkmsly  in  me  were 
replaced  by  fresh  ones  obtained  from  Munich,  which  came  into  use  for  re> 
gular  registration  at  the  beginning  of  June.  Though  every  care  was  taken 
to  ensure  uniformity  of  registration,  it  was  deemed  satisfactory  to  repeat  the 
discussion,  including  that  part  only  of  18G1  in  which  the  old  instruments 
were  eniploved;  and  accordingly  the  lunar-diurnal  variation  wi»  discussed, 
with  special  rrgard  to  the  moon's  dccliuatiou,  for  the  year  May  1860  to 
April  1861,  and  likewise  iov  th;  yen  May  I85S  to  April  1859  .  but  it  was 
still  louiid  that  towards  thf  iaUer  part  of  the  former  period  the  anomalies 
above  pointed  out  made  theni>elve8  clearly  felt. 

The  results  lor  the  years  I8U0  uud  186 i  were  given  nuniericalljr  in  a 
special  Table,  and  delineated  in  curves. 

In  conclusion,  the  author  expressed  a  hope  tliat  the  few  facts  he  iiad 
brought  forward  might  operate  as  an  inducement  to  those  who  are  cnp^aiired 
in  similar  pursuits,  to  enter  u|Mjn  such  a  laborious  task  as  that  of  clas^ifvinc 
magnetic  observations  for  the  purpose  of  examinnig  into  the  law  and  nature 
of  the  lunar-diuraal  variation,  according  to  the  moon's  position  north  or 
south  of  the  equator. 
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AprU  4,  1867. 
Lieutenant-Gcneral  SABINE^  President^  in  the  Chair. 


The  foUowiDg  communicatioM  were  read : — 
I,  **  Researches  on  Gun-cotton. — Second  Memoir.  On  the  Stability 


of  Gun-cotton.''  By  A.  Abii.,  F.B.S*,  V  J».C.S.  B«oeived 
March  9, 1867. 


The  mtilts  of  the  many  observations  which  had  been  institated  prior 
to  1860  upon  the  behavionr  of  gun-cotton  when  exposed  to  diffbsed  or 
strong  daylight,  or  to  heat/  although  they  agree  generally  with  those  of 
the  most  recent  investigations  on  the  snbject,  as  far  as  relates  to  the  nature 

of  the  products  obtained  at  different  stages  of  its  decomposition,  cannot  be 
regarded  as  having  a  direct  bearing  upon  the  question  of  the  stability  of 
gun-cotton  produced  by  strictly  pursuing  the  system  of  manufacture 

prcscribecl  by  von  Leuk,  inasmvi*  Ii  us  it  lias  been  shown  that  the  products 
foniiei  ly  cxpenmented  apuu  by  differeut  chemitits  varied  very  considerably 
in  composition. 

The  investigations  recently  publishtnl  by  P^Iouzc  and  Maury*,  into  the 
composition  of  gun-cotton,  and  the  itiflucuce  ext  rted  by  light  and  heat  upon 
its  stability,  are  described  as  having  been  conducted  with  gun-cotton  pre- 
pared according  to  von  Lenk's  system.  The  general  coiu  hision  arrived  at  by 
those  chemists  with  reference  to  the  latter  branch  of  the  subject  was  to  the 
effect  that  the  material  is  susceptible  of  spontaneous  decomposition,  under 
conditions  which  may  possibly  be  fultilled  in  its  stora^:;?  and  application  to 
techiiica!  and  warhke  jnirposes  ;  and  the  inference  is  drawn,  partly  from  the 
results  of  earlier  investigators,  and  })artly  from  the  exceptioiial  behaviour  of 
one  or  two  specimens,  that  gun-cotton  is  liable  to  explode  spoutaneousiy  at 
Teiy  low  temperatures  when  stored  in  considerable  quantities. 

It  has  been  shown,  in  the  memoir  on  the  Manufacture  and  Composition 
of  Gun-cotton,  published  last  yearf,  that  modifications  in  the  processes  of 
couversion  and  pnrifieation,  wliich  appear  at  first  sight  of  very  trifling 
nature,  exert  most  important  influences  upon  the  composition  and  purity  of 
the  product.  Gun-cotton  of  quite  'exceptional  character  has  been  discoveredi 
in  several  instances,  among  samples  received  from  Hirtenberg  and  among 
the  first  supplies  obtained  from  Stowmarket ;  other  exceptional  products 
^  haTC  also  been  produced  by  purposely  modifying,  in  Bcvrral  w«ys»  the  sys- 
tem  of  n^anuimcture  as  parsoed  at  Wattham  Abbey.   The  veiy  consider* 
able  diiference  exhibited  between  some  of  these  and  the  ordinary  products 
in  their  behaviour  under  equal  conditions  of  exposure  to  heat  and  light, 
a£fords  good  grounds  for  the  belief  that  the  atlalnmeni  of  certain  exoep- 
tiooal  resoltSy  opon  which  the  condnsions  of  P^lonxe  and  Bfaniy's  report,  , 
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oondemnatoiy  of  gun-cotton,  hm  been  prininpinj  founded,  are  to  be  at- 
cribed  to  sncli  Tariations  in  the  nature  of  tbe  material  operated  upon. 

Teij  muneroni  and  eitenrive  experiments  and  obeemtuma  biaTe  been 
carried  on  daring  the  last  four  years  at  Woolwicb,  both  with  small  and  lai^ 
quantities  of  gnn^cotton,  for  the  purpose  of  completely  investigatuig  the 
conditions  by  which  the  stabiUty  of  this  substance,  when  mider  the  influ- 
ence of  light  and  heat,  may  be  modified,  and  with  the  view  of  aMertaiim^ 
whether  results  recently  arrived  at  in  France  apply  to  gun-cotton  as  manu- 
factured in  this  country* 

The  principal  points  which  have  been  established  by  the  nsnlts  arrived 
at  in  these  investigations  may  be  summed  up  as  follows :— > 

1.  Gun-cotton  prodooed  from  properly  purified  cotton,  acoordbg  to  the 
directions  given  by  von  Lenh,  may  be  exposed  to  diAised  daylight,  either 
in  the  opeu  air  or  in  closed  vessels,  for  very  long  periods  without  undergoing 
any  change.  The  preservation  of  the  material  for  3^  years  under  those 
conditions  has  been  perfect. 

2.  Long-continued  exposure  of  the  substance  in  a  condition  of  ordinary 
dryness  to  strong  dayhght  and  sunlight  produces  a  very  gradual  change  in 
gun-cotton  of  the  description  defined  above ;  and  therefore  the  statements 
which  have  been  published  regarding  the  very  rapid  decomposition  of 
gun-cotton  when  exposed  to  the  sunlijrht  do  not  apply  to  the  nearly  pure 
trinitrocellulose  obtained  by  strictly  following  the  system  of  manufacture 
now  adopted. 

3.  If  gun-cotton  in  closed  vessels  is  left  for  protrjicted  jieriods  <  xposi'd 
to  strong  daylight  or  ^unlicrht  in  a  damp  or  moist  condilion,  it  is  affected 
to  n  somewhat  tjreater  t  \tont  ;  hut  even  under  these  circuiu^tnnces  the 
change  produced  in  the  gun-cotton  by  several  mouths'  exposure  is  of  a  very 
trifiing  nature. 

4.  Gon-cotton  which  is  exposed  to  sunlight  until  a  faint  acid  reaction 
has  become  developed,  and  is  then  immediately  afterwards  packed  into 
boxes  which  are  tightly  closed,  does  not  undergo  any  change  during  subs^ 
quent  storage  for  long  periods.  (The  present  experience  on  this  head  ex- 
tends over  3i  yeara.) 

5.  Gun-cotton  prepared  and  purified  aocordmg  to  tbe  prescribed  system, 
and  stored  in  the  ordinary  dry  condition,  does  not  furnish  any  indication  of 
alteration,  beyond  the  development,  shortly  after  it  is  first  paekedt  of  a  slight 
peculiar  odour  and  the  power  of  gradually  imparting  to  titmus^  when  packed 
with  it,  a  pinkish  tinge. 

6.  The  influence  exercised  npon  the  stability  of  gun-cotton  of  avetsge 
quality,  as  obtained  by  strict  adherence  to  von  Lenk's  system  of  manafae- 
tnre^  by  prolonged  exposure  to  temperatures  conriderably  exceeding  those 
whidi  are  experienced  in  tropical  dimates  is  very  trifling  b  comparison 
with  the  results  recently  published  by  Continental  expcrunenters  relaliiigto 
the  efleets  of  heat  upon  gun-cotton ;  and  it  may  be  so  perfectly  counteracted 
by  very  simple  means  which  in  no  way  interfere  with  tbe  essentia]  quslities 
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of  the  material,  that  the  storage  aod  transport  of  gun-cotton  presents  no 
greater  danger,  and  ia,  uudcr  some  circttiastaiices»  attended  with  much  less 
risk  of  accident  than  as  the  case  with  gunpowder. 

7.  Perfectly  pure  gun-cotton,  or  trinitroceUuloae^  resists  to  a  remarkable 
extent  the  destructive  effects  of  prolonged  exposure  to  temperatures  even 
approaching  100°  C. ;  and  the  lower  nltro-  products  of  cellulose  (soluble 
gun-cotton)  are  at  any  rate  not  more  prone  to  alteration  when  pure.  The 
incomplete  conversion  of  cotton  into  the  most  explosive  products  does* 
therefore,  not  of  necessity  result  in  the  production  of  a  less  perfectly  per* 
fectly  permanent  compound  than  that  obtained  by  the  most  perfect  action 
of  the  add  mixture. 

8.  But  an  ordmary  products  of  manufacture  contain  small  proportions  of 
oiganie  (nitrogeniied)  unpnrities  of  comparatively  unstable  properties, 
which  have  been  fbrmed  by  the  action  of  nitric  acid  upon  foreign  matters 
retamed  by  the  cotton  fibre,  and  which  are  not  completely  separated  by  the 
ordinary,  or  even  a  more  searching  process  of  purification. 

It  is  the  presence  of  this  dass  of  impurity  in  gun*cotton  whidi  first  giTCS 
rise  to  the  development  of  free  acid  when  the  substance  is  exposed  to  the 
acfion  of  heat;  and  it  is  the  add  thus  generated  whidi  eventually  exerts 
a  destructive  action  upon  the  odlolose-products,  and  thus  establishes  de- 
composition which  h^t  materially  accelerates.  If  this  small  quantity  of 
add  devdoped-from  the  impurity  in  question  he  neutralized  as  it  becomes 
nascent,  no  injurious  action  upon  the  gun.ootton  results,  and  a  great  pro- 
moting cause  of  the  decompodtion  of  gun-cotton  by  heat  is  removed.  This 
result  is  readily  obtained  by  uniformly  distributing  through  gun-cotton  a 
small  proportion  of  a  carbonate, — the  sodic  carbonate,  applied  iu  the  form 
of  solution,  being  best  adapted  to  this  purpose*. 

0.  The  introduction  into  the  finislicJ  gun-cotton  of  1  per  cent,  uf  sodic 
carbonate  ailords  to  tlu'  material  the  power  of  resistinz  any  serious  change, 
even  when  exposed  to  such  elevatid  tctnpcratures  iis  would  iiuhice  some 
deconipoaition  in  the  perfectly  pure  ceUnlose-products.  That  proportion 
affords,  therefore,  security  to  guu-cottou  against  any  destnictive  effects  of 
the  highest  temperatures  to  which  it  is  likely  to  be  exposed  even  under  very 
exceptional  climatic  conditions.  The  only  inlliu  nces  which  the  addition  of 
that  amount  of  carbonate  to  gun-cotton  might  exert  upon  its  properlirs  as 
an  explosive  would  consist  in  a  trifling  addition  to  the  small  amount  of 
smoke  attendini^  its  combustion,  and  in  a  sliirlit  retardation  of  its  exj)losiuii, 
neither  of  which  could  be  regarded  as  re^iult^  detrimental  to  the  probable 
value  of  the  material. 

*  Tlie  deposition  of  calcic  and  mn^osian  cnrbonatt*?  ujion  the  fibre  of  ^nm-enttnn. 
eitlior  by  ii»  long-continued  irmnorsion  in  flowing:  sitt  ing  wntor,  or  it«  8ubj«H'tion  to 
tilt*  K>-called  **f»ilit!iiling  "  prot5e«s.s  atlopttxl  by  Ton  Ix*nk,  produces  a  similar  prot^vtive 
effect,  which,  however,  is  neoMsarily  very  vaiiiililfl  In  iti  extent,  as  the  amount  of  car- 
bonate thns  introduced  into  a  mass  of  gun-cotton  ia  uncertain ;  moreover,  as  it  ia  only 
looaelj  deposited  between  the  fflami  tbe  proportioD  is  liable  to  be  diminished  hy  any 
nanipnktion  to  wfaioh  the  gm-oottoo  may  be  subjeoted. 

2  N  2 
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10.  Water  acto  m  a  mort  perfect  proteetioD  to  gim*coitoD  (except  wh« 
it  u  exposed  for  long  periodi  to  Bonllght),  eren  under  extremely  sevot 
conditions  of  exposure  to  heat.  An  atmosphere  saturated  with  aqueous 
▼apour  suffices  to  protect  it  from  change  at  elevated  temperatures  ;  and  wet 
or  damp  gan-cottou  may  he  exposed  for  long  periods  in  confined  spaces  t» 
100**  C.  without  sustaining  any  change.   

Actual  immersion  m  water  is  not  necessary  for  the  moat  perfect  preserfa- 
tlon  of  gun-cotton ;  the  material,  if  only  damp  to  the  toucii,  goatains  pel 
the  smallest  change,  even  if dosely packed  in  large  quantities,  TheoifM 
impuritiis  which  doubtless  give  rise  to  the  very  slight  derelopmeat  of  sod 
obsen  ed  when  gtm-cotton  is  closely  packed  in  the  dry  condition,  eppc 
be  equally  protected  by  the  water ;  for  damp  or  wet  gun-€X>tton,  wiiich  fcss 
been  preserved  for  three  years,  has  not  exhibited  the  faintest  acidity.  If 
as  much  water  a.-^  possible  be  expelled  from  wet  gun-cotton  by  the  ceotri- 
fugal  extractor,  it  is  obtaint  J  iii  a  condition  in  which,  though  only  damp 
to  "the  touch,  it  is  perfectly  non-explosive ;  the  water  thua  left  in  the  male- 
rial  IS  stiffieient  to  act  as  a  perlVci  protection,  and  consequently  also  tO 
guard  against  all  risk  of  accident,  it  1^  therefore  in  this  conditioa  tbsT 
all  reserved  ston  s  of  the  substance  should  be  preserved,  or  that  it  shoaU 
be  transported  in  large  quantities  to  very  distant  places.  If  the  proper 
proportion  of  sodic  carbonate  be  dissolved  in  the  water  with  which  the 
gun-cotton  is  originally  saturated  for  the  purpose  of  obtaining  it  ittthb 
non-explosive  form,  the  material,  whenever  it  is  dried  for  conversion  iBtB 
cartridges,  or  employment  in  other  ways,  will  contain  ilie  alkaline  msM 
required  for  its  sate  storage  and  use  in  the  dry  couditiou  iu  all  climates. 

Althonib  some  experinnents,  bearing  upon  the  different  branches  of  in- 
quiry iiiiluded  ni  this  memoir,  are  still  in  progress  with  a  view  to  the 
attainment  of  additional  knowled^^e  of  the  conditions  which  regulate  the 
stability  of  t^iin -cotton,  it  is  confidently  believed  that  the  results  arrived  at 
amply  demonstrate  that  the  objections  ^^llich  have  been  of  late  revited, 
especially  in  France,  against  tbe  eniploymt  ut  of  gun-cotton,  on  the  ground  of 
its  instability,  apply  only  in  a  comparatively  slis^ht  degree  to  the  material 
produced  by  .strictly  jiursning  the  system  of  manufacture  perfected  by  voQ 
Lenk — that,  as  far  as  tlity  do  exist,  they  have  been  definitely  traced  to  certain 
difficulties  in  the  inaniifacture  of  pure  gun-cottcui  which  further  experi- 
mental research  may,  and  niost  probably  will,  overcome — but  (}i«t,  in  (h^ 
meantime,  these  objections  are  entirely  set  aside  by  the  adoption  of  t«o 
very  simple  measures,  agaiusL  tbe  employment  of  which  no  practii  /il  diiH- 
culties  can  be  raised,  and  which  there  is  every  reason  to  believe  must  accure 
for  this  material  the  perfect  confidence  of  those  who  desire  to  avad  them* 
selves  of  the  special  advantages  which  it  presents  as  an  explosive  agent. 

The  nature  of  the  decomposition  of  gun-cotton  when  exploded  under 
different  condiLious  is  now  under  investigatiou  by  nie  ;  and  the  results 
arrived  at  will,  I  trust,  be  communicated  before  long  to  the  Boyal  Soaety* 
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II.  "Observations  of  Temperature  during  two  Eclipses  of  the  Suu  (in 
1858  and  1867)."  By  John  Ph[llip8,  M.A.,  LL.D.,  D.C.L., 
F.R.S.,  Professor  of  Qeology  in  the  University  of  Oxford.  Re- 
emed  April  3,  1867. 

On  the  15th  of  Bfareh  11158,  oocarred  m  annular  ecUpae  of  the  sun,  whoM 
central  line  of  ahadow  paased  near  the  Tillage  of  Steeple  Aston,  a  fewvnles 
north  of  OjfwA,  Ample  prepantiona  were  made  for  obserriag  it  by  rmor 
dents  in  Oxford,  and  they  were  met  on  the  ground  by  many  persons  from 
a  distance ;  Mr.  Lassell  being  one  of  the  party,  there  was  no  lack  of  tele- 
scopic power.  The  day  was  unfavourable — cold  and  cloudy,  with  some 
occasional  feeble  and  delusive  gleams,  scarcely  permitting  a  sight  of  the 
progress  of  the  eclipse,  which,  however,  was  obvious  enough  by  the  grow- 
ing and  diminishing  darkness.  Under  these  circiim stances  I  devoted  my 
principal  attention  to  three  thermometers,  carefully  selected  and  eumparcd 
beforehand — one  mereurial  with  blackened  bulb,  another  mercurial  with 
clear  bulb  (these  were  fjlaced  in  an  open  space  exposed  to  the  sun);  the  third, 
a  minimum-  spirit  thermuuieter,  tint  red,  was  placed  in  a  shaded  situation. 
The  observations  betjan  at  11  .iO™  and  lasted  till  2^  30"™,  thus  including 
the  whole  perioil  of  the  eclipse,  which  began  at  1 1''  Jj"',  reached  the  maxi- 
mum of  obscuration  at  O''  54'",  aud  ended  at  2''  11".  The  apparent  semi- 
diameters  of  tlie  sun  and  moon  were  so  nearly  equal  that  the  ^^pse  was 

almost  total  ( \ .   The  obiervationa  were  recorded  aa  follows 


Hour. 

Thermo- 
meter in 
shade. 

Clear 
thermo- 
Dieter  in 

sun. 

Dark 
thermo- 
mct  r  in 

8un. 

BfCmarks. 

h  m 

c 

0 

Gleams. 

1  11 

40-0 

r>.s() 

Beginning  of  eclip.-*. 

45 

40  0 

500 

550 

12  0 

■  4S'r) 

495 

54-5 

4«-5 

4U0 

620 

30 

481 

48-5 

GOO 

'  45 

481 

48-5 

49-2 

54 

Till"*  wuh-  the  moment  of  greiitest  obseuruion. 

i     1  ^ 

47  .) 

47  5 

475 

Lowe^  temperature. 

i  15 

47-5 

47  "5 

48-0 

:m) 

47-6 

4sn 

48-8 

45 

48-0 

4y'4 

610 

2  0 

48-3 

4l>-8 

61-7 

11 

End  of  eclipse. 

Kain  b^n. 

15 

4S»0 

5:V1 

30 

480 

4U5 

51-2 

Bain  continued. 

Afoan   . , . 
Max.  ... 
^in. 
Bingv  ... 

48,'i 
490 
475 
1-5 

41V6 
51-6 
47-6 
41 

51-5 
580 
47-6 
104 
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During  the  late  partial  eclipse  of  the  sun  on  the  6  th  of  March  1867> 
observations  of  the  ingress  of  the  moon  were  favoured  at  Oxford  by  bril- 
liant weather ;  within  fife  minutes  after  the  moment  of  maximum  obscnra- 

tion  ^        clouds  appeared ;  and  from  this  time  till  the  end  of  the  eclipse 

they  never  wholly  disappeared,  but  did  not  prevent  the  progress  of  the 
moon  and  the  degrees  of  obscuration  from  being  correctly  marked.  At 
the  ver^  end  it  was  only  just  poBsibie  to  observe  the  cgr^  hy  a  momeDtary 
attenuation  of  the  clouds ;  the  remainder  of  the  day  was  coM,  cloiuly,  and 
finally  snowy.  The  observations  began  at  H*"  and  ended  at  10^  50"*,  thus 
including  the  whole  period  of  tlie  eclipse,  which  began  at  1 2"  15*,  reached 
the  greatest  obscuratiou  at  9*^  26^  and  ceased  at  10^  4^"'  S*.  At  the  mo- 
ment of  greatest  obscuration  the  light-giving  area  was  reduced  to  one-third 
of  the  solar  disk. 
The  observations  comprised— 

(1)  Temperature  in  the  shade,  by  the  mean  of  one  mercurial  and  one 
spirit  thermometer  very  nearly  agreeing  throughout* 

(2)  Temperature  in  the  sunlight,  by  a  clear  mercurial  bulb. 

(3)  Temperature  in  the  sunhght,  by  a  dark  mercurial  bulb. 

(4)  Temperature  in  the  sunlight,  by  a  dark  mercurial  bulb  enclosed  m 
a  ^Msm  tube  exhausted  of  air. 

The  observations  were  recorded  at  intervals  according  to  convenience 
(3"*  to  20")»the  shorter  uitervals  being  purposely  chosen  about  the  tune  of 
maximum  obscnration.  The  results  are  in  the  following  Table : — 


Thermo- 

Clear 

Dark 

Dark 
bulb  in 
glaas 
tube. 

Hour* 

meter  in 
■Inde. 

btdbin 
•on. 

bulb  in 
■na. 

Bemsrks. 

h  m 

395 

0 

8  U 

;;:)•;> 

41K) 

:>4o 

Skj  alwajrs  dear  till  the 

12 

JJi'Lriimiii"  of  eclipse. 

middle  of  the  eclipse. 

25 

•.'AVI 

4-M) 

4>^0 

58-8 

45 

44U 

46-5 

67-8 

9  0 

36-7 

43-6 

46-5 

52-0 

'  18 

30-7 

41-5 

43-0 

40-5 

25 

30-7 

405 

43^) 

43-5 

26 

This  was  tlio  uioiijcnt  of  L'reatest  obscuration. 

32 

30-7 

41-5 

432 

42-9 

Clouds  gatliered  at  O** 

35 

imi 

38») 

3.S0 

410 

30™  and  continued 

50 

400 

40-5 

42-0 

to  the  Gud  of  the 

10  0 

40O 

41-0 

43*3 

oclipee. 

15 

37-7 

42-5 

44-5 

46-8 

35 

• • > ••• 

42-7 

44-0 

49^ 

45 

End  of  c 

ichpse. 

fiO 

38*8 

42-0 

490 

{JOO 

Mean... 

37-2 

41-5 

43-2 

4S-4 

Max. ... 

38-8 

44-0 

48-0 

Mill.  ... 

35*5 

381) 

41-0 

Kcn^ .. 
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6^ 
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i 
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Uu  cousidt  rin^  the  columns  ot  figures  with  attention,  it  will  be  perceived 
that  on  each  oeca^iion  all  the  thermometers  iu  the  sunshuie  sank  as  the 
eclipse  advnnced,  so  as  to  reach  the  greatest  depression  not  at,  but  after  the 
ef)och  of  greatest  obscuration,  and  from  this  point  rose  again  as  the  obscu- 
rntion  diminished,  but  in  neither  case  arrived  at  the  same  elevation  as  in 
the  beginning  of  the  eclipse.  In  each  case  the  eclipae  begpua  with  fair 
prospects,  but  was  followed  by  rain  or  snow. 

la  the  annular  (almost  total)  eclipse  three  thermometers,  two  in  the 
sunshine  and  one  in  the  shade,  reached  the  very  same  pomt  (47^*5),  that 
being  the  lowest  observed ;  in  the  partial  eclipae,  three  thermometers  cor- 
rapondlng  to  the  above  reached  nearly  the  same  point  (36^7, 38^  38°), 
the  lowest  observed.  The  lowest  point  was  not  reached  on  either  occasion  by 
these  Instruments  till  some  minutes  after  the  moment  of  greatest  obecara- 
tion  (6  minutes  in  the  annular  and  9  minutes  in  the  partial  eclipse) ;  while 
the  thermometer  enclosed  in  a  tnbe  did  not  sink  below  4Pat  the  same  time. 
The  later  occurrence  of  the  extreme  depression  in  the  partial  eclipse  was 
occasioned  by  the  additional  cooling  inflnence  of  the  donds  which  gathered 
five  minntes  after  the  epoch  of  greatest  obscoration. 

By  representing  the  observatioas  in  curves  with  ordinates  proportioned 
to  the  depresuona  at  the  successive  epochs^  the  circumstances  which  have 
been  referred  to  are  clearly  seen, — the  convergence  of  all  the  lines  beyond 
thettme-point  of  greatert  obscuration — the  exactitude  of  this  convergence 
m  the  nniformly  clouded  sky  of  1858,  and  the  comparative  oonliunon  of 
the  linea  in  the  suddenly  altered  sky  of  \S67$  where  the  effect  of  the  access 
of  cload  ia  1^-9  on  the  encloaed  thermometer,  3^*5  on  the  dear  exposed 
bulb,  and  5^2  on  the  black  exposed  bulb  (see  Phte  IX.). 

The  e0ect  of  the  cloud  on  the  inatrumenta  employed  in  the  latter  half  of 
the  eclipse  ia  to  reduce  the  temperatures  at  the  end  of  the  edipse,  aa  com- 
pared wUb  the  beginning,  man  than  8^  in  the  endosed  themomeler,  5°  m 
the  dark-lmlb  exposed^  and  2°  in  the  deai^hulb ;  but  in  the  shaded  mstra* 
ments  the  eflbet  i  eontmty,  fbr  they  gained  2^*6  between  beginning  and  end. 

Finally,  if  the  areas  of  obscnration  be  calculated  for  the  several  epochs  of 
observation  (in  1867),  and  the  proportions  be  represented  by  a  curve 
adapted  to  the  scale  used  for  temperature,  the  fact  of  the  postponement  of 
the  radiation-effect  will  appear,  as  well  as  the  conformity  with  which  the 
temperatures  I'oUow  the  ciirvo,  in  the  bright  half  of  the  iclipse,  and  litiii 
away  from  it,  hut  still  prupurtiouately,  in  the  clouded  half. 

REFERENCE  TO  PLATE  TX. 

Tn  fho  fliagram  for  IR'w^,  the  temprmtures  obscrrod  at  thr  aereral  epochs  nre  marked 
hy  the  cr  D-^int^  of  the  iiucs  S  S  fur  lihade,  W  W  for  dear  bulb,  and  Bli  for  biock  bulb. 
The  central  tune  of  the  eclipse  is  marked  C  C. 

In  that  for  1887,  simikr  letters  wwk  shmlar  obeervatioiis ;  and,  in  addition,  V  T 
duywt  the  temperatures  of  the  blad^  bidb  la  vacuo,  and  0  O  the  curve  of  relafcive  obaeu- 
ratiQik  at  the  eereral  epoohs  of  obierved  tanpeiatiire* 
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Ajjril  11,  18G7. 
Lieut.-Geueral  SABINE,  President,  ia  the  Chair. 

The  foUowiDg  oommumcatioiifl  were  read : — 

L  "A  new  fact  relating  to  Binocular  Vision."     By  A.  Claud£T, 
1;\B.S.   Received  March  20, 1867. 

The  perrittenee  of  Uie  impretsion  made  by  light  oik  the  letina  Is  demoor 
strated  by  many  exfieriments ;  hut  one  of  the  mostconYiDciDg,  whidk  is  also 
▼ery  easy  to  try,  is  that  which  is  known  under  the  name  of  the  tbaamatrope. 

Let  us  write  the  letters  composing  a  word  of  eight  letters,  saj  "Victoria," 
on  the  two  8ides  of  a  small  card,  in  snch  a  manner  that  one  snrftoe  shall 
contain  the  1st,  .kd,  .)th,  and  7th  letters,  and  the  other  surface  the  2nd, 
4th,  6tb,  and  8th,  with  a  space  between  them  sufficient  to  complete  the 
word  on  each  suriace,  which  blank  spaces  arc  in  tact  to  appear  filled  up 
during  the  experiment  by  an  artificial  means  to  be  e\pl;uucd. 

Fig.  1  shows  the  arrangement  on  the  two  sides  of  the  card  (section  view). 

Pi«r.  1. 


 V  C     ()     I  _ 


Fig.  2  shows  the  plan  of  the  card.  The  white  letters  are  those  written 
on  one  snrface»  and  the  dotted  lines  those  written  oo  the  other. 

Fig.  2. 


Now  by  means  of  two  strings  fixed  on  the  two  sides  A,  B  the  card  may 
he  made  to  revoWe  on  its  axis  by  tumiug  the  string  between  the  thumb 
and  finger  of  each  hand.  By  this  means  a  very  rapid  motion  may  he  com- 
mnnieated  to  the  card,  and  while  it  is  revolving  both  snrtaccs  are  alter- 
nately seen  in  quick  succession,  and  the  perception  of  the  two  is  so  simulta- 
neous that  the  two  sets  of  letters  appear  as  onv,  and  the  whole  word  is  read 
aji  distinctly  as  if  it  were  ^vriLLen  on  one  surlace  oiiiv. 

This  is  easily  ciLplaiuicL  It  is  known  that  the  persisting  action  of  light 
oa  lliL'  ret  ina  has  a  duration  of  about  one-eighth  of  a  second  ;  so  that  if 
the  card  niakes  at  least  eight  revolution*'  in  a  secunil  (it  may  make  consi- 
derably more),  before  one  impression  lias  vaiu»lied  another  produce^  h> 
effect  on  the  next  part  ul  the  retina,  in  snch  a  way  that  they  are  intermixed 
and  simultaneously  visible,  producing  an  uninterrupted  sensation. 
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The  means  by  which  this  illusion  ia  prtaduoed  has  been  called  the  thau- 
matrope/'  from  two  Greek  words  meaning  "wonder"  and  "turn.*'  It 
is  difficult  to  trace  the  hiatory  of  tbia  diacovery ;  bat  it  ia  certain  that  it 
liaa  been  the  reault  of  a  very  old,  simple,  and  well-known  experiment. 

From  time  imniemorial  schoolboya  have  amused  themselves  by  holding  a 
coin  between  two  pins  and  making  it  revolve  rapidly  by  blowing  upon  it, 
when  to  their  surprise  the  coin  showed  the  head  mixed  with  the  de?iceon  the 
other  side.  I  have  been  told  that  as  Sir  John  Henchel  was  one  day  m&king 
this  experiment  to  amuse  his  children,  in  the  presence  of  the  late  Dr.  Paris, 
this  gentleman  waa  atruck  with  the  idea  that  if^  instead  of  a  coin,  a  white 
card  was  employed  on  each  aide  of  which  one  part  of  a  design  waa  properly 
arranged,  the  two  might  complete  the  subject  during  the  revolution.  Ac- 
Gordingly  he  made  the  experiment,  which  succeeded  perfectly  well.  If  the 
story  is  true,  certainly  Dr.  Paria  may  be  regarded  as  the  inventor  of  the 
thaumatrope,  which  he  has  ao  well  and  so  fully  elucidated  in  his  very  in- 
terostmg  and  lustmctiTe  work  entitled  *  Philosophy  in  Sport  made  Science 
in  earnest.* 

This  philosophical  toy  may  be  employed  to  show  another  effect  of  the 
persUtence  of  the  retinal  image.  If  eomplementar}*  oolomrs  are  fUed  on 
the  two  opposite  sides  of  the  card,  they  will  become  superposed  during  the 
revolution,  and  white  light  will  be  the  result.  By  the  same  meanti,  other 
carious  effects  of  the  mixture  of  various  coburs  might  be  tried. 

All  these  experiments  present  no  difference,  whether  they  are  made  look- 
ing with  the  two  eyes  or  only  with  a  single  eye :  the  efiect  is  the  same  in 
both  cases.  Therefore  the  illusion  b  equally  monocular  and  binocular. 

But  I  was  not  a  little  surprised  to  find  that  the  thaumatrope  is  capable 
of  producmg  another  phenomenon,  elucidating  very  forcibly  the  principles 
by  which  binocular  vision  is  the  only  real  and  effective  means  of  showing 
the  distances  of  objects,  which  are  determined  by  the  degree  of  the  angle 
of  convergence,  of  the  optic  axes  and  by  one  of  its  corollaries,  the  sensation 
of  double  images  ibr  all  the  points  which  are  not  exactly  on  the  plane  of 
Tision. 

The  thaumatrope  is  capable  of  showing  that  binocular  vision  can  detect 
to  a  degree  hardly  conceivable  the  most  minute  difference  in  the  distances 
of  objects^  such  as  the  distance  between  the  planes  of  the  two  surfaces  of 
a  card,  which  distance  is  nothing  more  than  the  thickness  of  the  card. 
Therefore,  supposing  that  the  thickness  of  the  card  is  ^  of  an  inch  and  the 
distance  from  the  eyes  15  in,  there  is  not  a  difference  greater  than  the  jj/^jf 
part  of  the  whole  distance  from  the  eyes  to  the  two  planes  of  the  card ;  and 
still  the  difference  of  the  degree  of  convi  r^euce  for  two  planes  so  near  each 
other  is  sufficient  to  excite  the  action  of  binocular  vision,  and  by  it  to  enable 
us  to  detect  that  infinitesimal  difference  in  their  distances.  But  that  such 
an  effect  of  binocular  vision  could  possibly  be  displayed  while  looking  at 
two  planes  so  nearly  intermixed  as  the  surfaces  of  a  card  revolving  upon 
ita  axis  with  such  a  wonderful  velocity  is  the  very  extraordinary  pheno- 
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menon  I  have  discovered,  and  which  I  am  about  to  d^ribe  and  eodetToor 
to  explain. 

If  the  thickaets  of  the  card  is  A  B,  fig.  3,  arid  if  the  two  cutU  q(  eid 

Fi-.  3. 


11 

r 

_  J 

String,  passing  through  the  holes  G  and  D  in  the  card»  are  brought  togcdicr 
and  turped  between  the  thumb  and  finger,  the  card  wiU  whirl  eiacdj  so 
its  axis,  and  duriog  the  revolution  the  two  surfaces  A  and  B  wiU  be  st  dit 
same  distance  from  the  eyes. 
But  if  the  two  strings  are  drawn  so  that  one  of  their  knots  is  as  in  fig.  4, 


Fiff.4. 


the  surface  B  will  revolve  round  the  plane  of  the  surfiice  A  correspondiDg 
with  the  axis  of  the  strings  and,  daring  the  revolution,  every  time  that  it  Ij 
made  visible  to  the  eyes  it  will  appear  as  if  it  were  nearer  than  the  sur- 
face A. 

By  reversing  the  position  of  the  knots,  as  in  fig.  5,  instead  of  the  suftce 


Fig.  5. 


B  rtvuluiig  round  the  plane  of  A,  it  will  be  A  that  will  revolve  round 
plane  of  R. 

These  three  diiTerent  positions  of  the  strings  will  produce  three  difibcnt 
efi^ects. 

In  the  position  of  fis:.  3  the  effect  will  be  Tiormal ;  that  is  to  say,  thetv»"> 
surfaces  comins;  nUernately  at  flie  same  <listmice,  we  shall  see  the  winii*? 
worfl  as  if  the  k'tlers  were  on  tlie  same  surface. 

In  the  position  of  f\^9.  1  and  5  we  have  a  very  strange  illusion.  Onf 
half  of  the  letters  composing  the  word  will  apjtear  before  or  bcbind  the 
other  half,  according  to  the  surface  upon  wliicli  they  are  written  and  the 
position  of  the  knots  upon  that  or  the  <  it  her  surface. 

In  fig.  4  the  letters  written  on  the  surtace  B  will  appear  before  the  letters 
on  the  surface  A ;  and  in  fig.  5  the  letters  on  the  surfiice  A  will  appnr 
before  the  letters  on  the  surface  B. 

The  cause  of  the  anomaly  resulting  from  the  two  different  experiments 
-  is  entirely  and  positively  due  to  a  sensation  of  binocukr  vision ;  and  we  nxj 
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easily  Buti^fy  ourselves  that  it  is  so  ;  for,  looking  witli  a  j-inirle  eye  in  both 
cases,  all  the  letters  appear  on  the  same  plane,  notwithstanding  thi'  ditFer- 
eot  dbtances  of  the  two  surfaces  given  by  the  position  of  the  knots  :  and 
we  may  add  another  convincing  proof,  which  u  that  the  pfteudoscope  in* 
Terts  the  distances  of  the  surfaces. 

At  first  it  is  rather  difficult  to  understand  how  the  phenomenon  can  take 
place ;  for  as  the  perception  of  the  two  surfaces  is  simaltaneona^  how  is  it 
possible  that  daring  sueh  a  rapid  revolution  the  optic  axes  can  be  made 
to  converge  alternately  on  each  surface  while  it  is  passiog  so  quickly,  and 
that  they  should  be  made  suddenly  to  converge  on  the  other  in  its  turn  ? 

Howerer,  there  cannot  be  any  question  that  in  reality  the  phenomenon 
takes  plaee»  and  that  it  is  decidedly  an  effect  of  binocular  vision ;  therefore 
it  only  remsins  to  be  explained  how  it  can  be  produced.  In  endeavouring 
to  arrive  at  the  true  cause  of  the  phenomenon,  we  shall  have  to  bring  to 
mind  various  physiological  sensations  which  concur  in  producing  the  effect. 
One  is  the  effort  we  make  to  obtain  distinct  vision,  and  the  other  the 
effort  we  make  to  obtain  single  Tisioii.  These  two  efforts  act  in  unison ; 
for  it  is  impossible  not  to  admit  that  the  two  muacnlar  processes  by  which 
both  the  angle  of  oooYergence  is  directed  to  the  object  and  the  focns  of 
the  eyes  is  adapted  to  its  distance,  for  the  double  purpose  of  having  at 
once  single  and  dbtinct  vision  of  every  object,  are  two  acdons  neces- 
sarily simultaneotts  and  inseparably  connected.  They  are  therefore  both, 
each  in  its  way,  criteria  oif  the  distances  of  objects ;  but  they  give  rise  to 
certain  indirect  and  additional  criteria  for  other  distances,  In  two  ways :  one, 
the  most  important,  is  the  double  images  of  the  objects  situated  before  and 
behind  the  point  of  convergence ;  and  the  other,  but  only  in  a  subsidiary 
way,  the  degree  of  eonfbsion  of  the  objects  situated  before  and  behind  the 
point  of  convergence  and  which  are  not  in  focus. 

The  comparison  of  two  points,  one  of  which  u  in  focus  and  well  defined,  and 
the  other  out  of  focus  and  oonflised,  helps  considerably  in  forming  a  j  udgment 
that  they  are  on  different  planes.  But  in  a  question  of  binocular  vision,  per- 
haps we  ought  not  strictly  to  take  into  account  this  last  eriterion,  which  be- 
longs equally  to  monoculsr  and  binocular  vision ;  and  if  we  allude  to  it,  it 
is  only  because,  although  it  does  not  produce  the  real  stereoscopic  effect,  still 
it  contributes  to  give  that  sort  of  illusion  of  relief  which  by  various  means 
may  be  evinced  by  monocular  vision.  Therefore  it  is  particulni  Iv  die  sen- 
sation of  double  images,  the  degree  of  their  separation,  and  their  respective 
positions  either  outside  or  inside  li  uni  the  centres  of  the  two  retinae,  which 
indicate  more  powerfully  the  exact  distance  of  the  object  from  the  point 
of  single  vision  either  before  or  behind. 

When  we  look  hxcdly  un  a  point  of  one  surface  of  the  revolving  card, 
that  p*iiiit  njipears  single,  and  we  see  at  the  same  time  another  point  on 
the  other  iiuiface  which  ujjpears  double,  although  we  hardly  feel  that  we 
notice  its  doubk-ness;  and  from  the  position  or  distribution  of  the  double 
images,  either  on  the  right  or  on  the  left  of  the  ceutrol  point,  we  have  at 
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the  same  glance  the  perception  of  the  respective  distances.  Therefore,  to 
judge  of  the  distances  of  certain  objects  in  the  direction  of  the  line  of  vision, 
we  are  not  absolutely  obliged  to  alter  constantly  the  angle  of  convergence. 
This  is  proved  by  our  perception  of  the  two  distances  of  the  surfaces  of  the 
card  while  it  is  revolving ;  for  it  would  be  impossible  that  we  should  alter 
the  angle  of  convergence  to  adapt  it  alternately  to  the  two  surfaces  while 
they  are  turning  so  rapidly. 

The  same  angle  of  convergence  kept  on  one  or  the  other  surface  is  no 
impediment  to  our  seeing  both  in  a.sufliciently  distinct  manner. 

The  whole  phenomenon  may  be  better  understood  by  the  illustration 
given  in  fig.  6. 


Fig  6. 


When  we  converge  the  optic  axes  on  B,  this  point,  being  represented 
on  the  centre  of  both  retinae  at  B'  B",  is  single,  but  A  being  ne.irer  is  re- 
presented on  the  left  of  the  centre  of  the  left  retina  at  A',  and  on  the  right 
of  the  centre  of  the  right  retina  at  A";  therefore  it  appears  double. 

For  the  same  reason,  converging  on  A,  this  point  is  single,  but 
B  is  double,  with  this  difference — that  one  image  is  on  the  right  of 
the  left  retina,  and  the  other  on  the  left  of  the  right  retina;  so  tlmt 
the  double  images  of  nearer  objects  situated  at  A  are  represented  out- 
side the  centres  of  the  two  retinie,  and  those  of  further  objects  situated  at 
B  are  represented  inside  the  centres  of  the  retinae,  and  each  of  these  two 
different  sensations  brings  to  our  mind  the  perception  of  the  distance 
which  has  produced  it.  During  the  revolution  of  the  card  we  mav 
adapt  the  convergence  either  to  one  or  to  the  other  surface  and  keep  it  so; 
but  in  every  case  the  letters  on  that  surface  will  appear  single  and  a  little 
better  defined  ;  and  this,  with  the  sensntion  of  double  images  of  the  letters 
on  the  other  surface,  will  be  .in  indication  of  their  respective  distances. 

As  I  am  not  aware  that  the  illusion  I  have  described  in  this  paper  has 
ever  been  noticed  before,  it  has  appeared  to  me  that  its  publication  would 
excite  the  interest  of  all  those  who  look  for  any  new  fact  capable  of  illus- 
trating the  principles  of  binocular  vision,  and  showing  the  wonderful  pro- 
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perty  of  the  angle  of  convergence,  by  which  the  most  minute  differences 
in  the  distances  of  objects  and  the  slightest  relief  on  their  surfaces  can  be 
detected,  and  by  which  also  in  the  abnormal  conversion  introduced  in  its 
action  by  the  pwudosoope  all  our  sensations  are  reversed.  Therefore  the 
psendoMope  18  tbe  great  test  of  the  phenomena  of  binocular  vision ;  for 
hy  rerersiug  certain  aeDsations  which  by  constant  habit  we  may  hardly 
notice,  it  renders  them  more  conspicuous  by  the  comparison  of  the  abnor- 
mal state  brought  out  by  its  aetioDt  and  profea  the  theory  of  binocular 
▼bion  in  the  most  effective  manner. 

A  truth  is  never  better  establisbed  than  when  it  can  be  shown  that  the 
same  principles  are  capable  of  producing  contrary  effects  when  they  am 
applied  in  a  contrary  way. 

Professor  Wheatstone,  by  adding  the  psendoscope  to  the  stereoscope,  has 
thus  in  the  most  scientific  and  ingenious  manner  completed  his  splendid 
discovery,  and  \vh  very  little  (we  might  almost  venture  to  say  that  he  has 
left  nothing)  for  further  investigations  in  the  physiology  of  binocular 
vision. 

11.  "  On  the  Calculation  of  the  Numerical  Value  of  Euler's  Constant, 
which  Professor  Price,  of  Oxford,  calls  E."  By  William 
Shanks^  Esq.,  Honghton-le-Spring^  Burfaam.  Commnnicated 
by  the  Rev.  B.  Price,  F.B.S.   Received  March  28, 1867. 

In  the  year  18r)3  Dr.  Kutherford,  of  the  Royal  Military  Academy,  "Wool- 
wich, sent  a  paper  on  the  Computation  of  the  value  of  r  to  the  Royal 
Society,  aiiti  the  paper  was  [)uljiishecl  in  the  *  Proceedings*  of  that  learned 
body*.  The  value  of  ir  is  there  p;iven  to  607 decimals,  the  first  440  being 
tbe  joint  production  of  Dr.  Rutherford  and  the  author  of  this  paper,  and 
the  remaining  16/  decimals  havincj  been  calcolated  by  the  present  writer, 
for  the  accuracy  of  which  he  alone  is  respotisible.  Subsequently,  the 
Astronomer  Royal,  G.  B.  Airy,  Esq.,  kindly  presented  the  authoi  s  j>a[u  r 
on  the  Calculation  of  the  value  of  e,  the  hn«ie  of  Napicr*s  logarithms,  to 
upwards  of  200  decimals  i  the  aforesaid  paju  r  aUo  coutaiued  the  Napierian 
logarithms  of  2,  3,  and  5,  as  well  as  the  tnodnlus  of  the  common  system, 
aJl  to  upwards  of  200  places  of  decimals.  This  paper  was  not,  however, 
published,  but  deposited  in  the  Archives  of  the  Royal  Society  ;  but  an  abs- 
tract, containing  the  numerical  results,  was  printed  in  the  '  Proceedings '"f. 
In  a  paper  sent  by  the  author  to  the  Astronomer  Royal,  and  forwarded  by 
him  to  the  Royal  Society,  will,  the  author  believes,  be  found  the  recii)rocal 
of  the  prime  number  1 7389,  consisting  of  a  circulating  period  of  no  less 
than  17388  decimals,  the  largest  on  record.  Some  few  remarks  aix  aUo 
given  touching  circulates  generally,  and  the  easiest  Tnodes  of  obtaining  them. 
The  writer  now  desires  to  supplement  what  he  then  did,  by  giving  the 
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numerical  value  of  Euler's  constant,  which  in  largely  caiployed  iti  "  Iu6- 
iiitesinial  Calculua,*'  to  a  greater  extent  thau  has  hitherto  been  found,  and 

free  from  error. 

In  Crelle's  Journal  for  1860,  toI.  k.  p.  375,  M.  Oettinger  lia>  rontri- 
buted  an  nrtirle  on  Euler's  constunt,  and  especially  on  '*  certain  lii-cre- 
pancies**  in  the  ^  alup  triven  by  lornier  mathematical  writers.  Adoptii 
the  formula  there  einj)li>\ cil,  as  being  well  acUpted  for  the  purpose,  the 
writer  of  this  paper  hajj  both  corrected  and  extended  what  has  been  pre- 
viously done ;  and  as  very  great  care  has  been  bestowed  upon  tlie  calcu- 
lation?, so  as  to  exclude  error,  he  coahdently  believe'?  that  his  results  are, 
as  far  as  they  go,  absolutelv  correct.  II l-  may  k mark  that,  since  the 
separate  values  of  n  in  the  t  fraiula  (which,  see  below)  produce  identical 
results  as  far  as  they  go,  and  the  higher  the  value  of  n  tiie  more  nearly 
we  can  approximate  to  the  value  of  the  constant,  we  thus  have  suffictmt 
proof  afforded  of  the  correctness  of  the  value  found  when  n  is  1 0,  20,  50, 
or  100.  If  the  writer  can  command  sufficient  leisure,  he  may  resume  the 
calculation  by  and  by,  and,  making  n  1000,  he  may  thus  verify,  aa  wdl  m 
extend,  the  value  of  Euler*8  constant  given  in  this  paper.  The  QnmlMi 
to,  20,  50,  100,  2()(),  and  1000,  especially  10  and  its  integral  power?,  are 
tnore  easily  handled  than  others,  particularly  in  those  tennsof  the  formula 
which  contain  Bernoulli's  numben*   The  harmonic  progression  is  hete 

summed  "  much  further  than  wis  reqainte  for  finding  £  to  dO  or  55  de- 
cimals ;  bat  this  was  of  some  importance  in  ensuring  correctness  in  tlie 
dedmal  expression  of  each  of  the  higher  terms  of  and  S^^o-  It  may 
lie  observed  that  the  nnmbers  of  deetmal  places  in  £^  obtained  from  m.  faciqg 
10,  20,  50,  100,  and  200,  are  nearly  proportional  to  10^  20*,  50^  100^ 

mnd  200^ — a  rather  curious  coincideuce. 

The  formula  for  Baler's  constant,  employed  by  M.  Oettinger,  as  abote 
stated,  is— 

o     1         1  B, 
Constant»*8ji— log.n — -gjjr — +  ^^i— gjj^  +  &c.,  where 

Sffs  1  +  i  +  ^  + 1 + 17  +  •  •  ftn^  Bj,  B„  B„  &c.  aie  Bemonlli's  nombefs. 
1+14.]^+ . . .  .^ym2  O38O6806S 

l^j  +  ^+....5i5=.3-fi9773  06571  43681  01148  87090  68908  38779  38:)67 

10245  37897  00291  90627  89243  77995  58542  59259 
83201  62499  71900  81865  55440  61786  01220  10081 
85888  207S0  04368  02608  48520  C02. 

1+1+  81'"^  ^'^^  ^^^'^  -^^^^(^  76474  73440 

mm  55401  m?^)  s<i220  fi-jim  11027  770iw 

.3277«  (m44  :i'2iyCd  62228  05M17'>  02970  5L>4-i.{ 

81.i77  46050  57m  24455  64(J24  801  S)7  00818  82hU 
77SiV)  4&m  (m77  779G8  871XV)  02007  71-KlO  i)S2U 
+  (circulating  period  oonsiats  of  1684  decimal  places). 
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l  +   ^I,  fc4-40020  .53;i><,']  21)426  06756  04717  929G4  7(%m  19706 

01823  0(574.5  as296  58902  43217  08318  00557  80735 
78157  82(Mi:i  88434  V2m)  (>r47i>  Hori?:]  sajog  82942 
ami  200i);5  S>t681  0:3200  iXJllo  l.l(n»l  15572  24477 
0571)4  5'.i8;M  14243  02248  235:30  45299  10501 
-f  (circulaiin'r  period  consiste  of  1,276,120  decimal  pLicos). 

1  +  1  +  ^WrymV  76176  39020  20080  51170  75068  25316  79089 

72126  70845  106:31  70533  95(i58  72196  57532  65049 
06050  877(W  92312  04135  49t>21  00986  97779  79182 
73403  18617  0(^^28  94825  42444  49096  67618  56974 
16326  13467  07313  21114  47132  4973:3  09103  51080 
+  (circulating  period  conauta  of  39,419,059,680  decimal 

1  +  ^+  .,2o=5'87808  09481  21444  47605  78868  97180  8616S  68874 

00246  £9027  80B44  61971  94472  28783  30029  84018 

16499  64301  86679  89238  37326  83211  86439  06911 

76542  77856  27608  86669  30203  06049  26715  76:389 

22264  76748  47846  76246  64070  64806  61627  08837 
+  (circuLitin<r  period  consists  of 

2,498,236,1^143,832,017,641,000  decimal  places). 

The  foUowing  valoe  of  Enler's  constant  has  been  found  from  the  re- 
spective sums  giYen  abore,  of  the  10,  20*  50,  100,  and  200  first  terms  of 
the  HarmoDie  'Ptogteamm 

E    EaLooiMt.a'67721  66649  01632  86060  6  (bat  teim employed  iB-^i^>)' 
E«i*67721  66649  01682  86060  66120  000  (laatteimii -^^^a^ 

£s -67721  66649  01632  86060  66120  00082  4024S  1042  (last 

tenn  ia+  -/^'^  V 
£=•67721  6GG49  0ir>32  86060  66120  90082  40243  10421 

60336  9  (iarttenni»-^^.j. 
Es*67721  66649  01632  86060  66120  90062  40243  10421  69336 

03095  36980  (last  tena  i8+ 

Gertainlj  50  dedmab  aie  C0Rect»  and  probtblj  55,  in  the  vahie  kst 

given. 

Iiacdi2il867. 

8upplcmeDtary  Paper  to  that  of  March  2, 1867,  "On  the  Calculation  of 
the  Nomerical  Value  of  £uler^s  Constant."  By  William  Shan&B, 
Esq.,  HoQghton-le*Sprmgy  Dnrham.   Eeceived  April  9»  1867. 

When  ii«b600,  we  have 
1+i+f ....  7&d»6'79282  84209  90624  60296  92871  46867  97309  48196 

13814  39680  91166  43088  88686  43666  28780  66049 
24676  49408  78686  66089+ 
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£s'67721  66348  01532  86000  65120  90082  40243  10421 
69S86  99905  86968  05771  68865  48677     (ivt  tcm 


)• 


28.600»«, 

Wheu  n  =  1000,  we  have 

l+H.^+...^«7-48647  O8OO0  mPAi  912<>o  05182  043^3  00017  r,.v:i  ^ 

791C0  70883  80057  7:Mm  74906  76093  49165  ^£0244 

09500  34487  41184  50813  + 

E=-o77-il   5(5(140  01532  S(KXK)  05120  r>0082  40243  10421 

69aa5  UaUOo  3o988  05772  02455  61942  00508  15825 

Hence  we  see  thit  54  decimal  places  are  coqtct  in  the  value  of  E  (»  being 
200)  last  given  In  tlte  paper  dated  March  2,  1867«— alto  that  59  deeimali 
are  correct  in,  the  Taloe  of  E  when  Nca;500.  When  1000»  prohablj  65 
decimala  in  the  yalue  of  E  are  correct* 

When  «—  I,  we  readily  find  E=s'67  ^last  term 

«2,        „  ^laat  term  — ^.)- 

-5,        „      E- -57721  56649  015  ^ket  term  ^gf^)- 


n 


When  n=     1,  E  consists  of  2  decimals. 


*» 

«  10, 

n 

21  decimals. 

>» 

-  100, 

M 

46  decimals. 

n 

»1000, 

it 

65  decimals,  probably. 

»• 

n-i  2, 

M 

5  decimals. 

>f 

20, 

H 

28  decimals. 

»» 

200, 

»* 

54  decimals. 

»> 

nss  5, 

ft 

13  decimals. 

M 

50, 

M 

39  decimals. 

w 

500, 

1* 

59  decimals. 

From  the  above  we  may  fairly  mfer  that  when  •  is  increased  m  a 
irical  ratio,  the  corresponding  number  of  dedmds  obtained  in  the  valot 
of  £  increases  only  in  something  lihe  an  writhMikal  one,  and  that  pio* 
bably  finom  50,000  to  100,000  terms  in  the  Harmonic  Progiessioii  would 
require  to  be  summed  in  order  to  obtam  100  places  of  decimals  in  the  vahm 
of  E,  Ettler's  constant. 
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1.  HUtory. 

My  attention  was  first  directed  to  this  subject  by  readin!?  a  report  of 
Professor  Stokes's  very  excellent  lecture  at  the  lluyal  IiistituLiun,  Friday, 
March  4th,  1864.  It  immediately  occurred  to  me  that  a  spectroscope 
might  be  combined  with  a  microscopi',  und  employed  to  distinguish  coloured 
minerals  in  thin  sections  of  rocks  and  meteorites.  I  was  soon  led  to  exa- 
iTiine  many  other  coloured  substaacts,  and  found  that  the  instrument  is 
more  useful  in  connexion  with  qualitative  analysis,  wheu  only  very  small 
quantities  of  material  can  be  obtained.  At  first  I  employed  the  imperfect 
apparatus  described  in  my  Paper  in  tho  'Quarterly  Journal  of  Science**, 
but  afterwards,  along  with  Mr.  Browning,  I  constructed  that  described  in 
my  Paper  in  the  'Populnr  Scirncc  Renew*  f.  For  eeneral  purposes  I  do 
not  think  this  could  be  mucli  iiiiproved  ;  but  for  chemical  testing  it  is 
inuih  less  fatiguing  to  use  a  binocular  iustrument.  There  were  many 
ditiieulties  to  contend  with,  but  at  length  I  coDStructed  One  which  ap* 
pears  to  answer  ail  the  requirements  of  the  case. 

2.  Apparatus, 

I  have  an  ordinary  large  binocular  microscope,  and  use  an  object-ghiss 
of  about  thri't'  inches  focal  length,  corrected  for  looking  through  gla.ss  an 
inch  thick  ;  the  lenses  being  at  the  top,  so  as  to  be  as  far  as  possible  from 
tliL'  slit.  This  is  placed  at  the  fucus,  and  between  it  and  the  leuacs,  at 
a  tli.stancc  of  about  half  an  inch  from  tlicm,  is  a  compound  prism,  composed 
,>t  a  rectangular  prism  of  flint-glass,  ami  two  of  crown-gla-s  of  about  61°, 
cue  at  each  end.  Tiiis  arrangement  gives  direct  vLsion  and  a  spectrum  of 
I  Ik-  size  most  suitable  tor  these  inquiries,  since  a  wide  disjter^ion  often 
makes  the  absorption-bands  far  too  indistinct.  In  order  to  be  able  to 
compare  two  spectra  side  by  bide,  a  small  rectangular  priisui  is  fixed  over 
»  April  1865,  vol.  ii.  p.  m.  t  Vol  v.  p.  I  V 

VOL.  XV.  '  2  o 


434   Mr.  H.C.  Sorby  on  Analysis  oj  Animal  aiid  i'egetabU  [Apr.  11, 

half  the  alit,  and  with  the  acote  angle  paiallel  to  and  just  passmg  be- 
yond it.  This  girea  an  admirable  result,  the  oolj  defect  bemg  that, 
when  the  spectra  are  in  focus,  their  fine  of  jaoction  la  aome  diatance  rnthn 

it ;  and  therefore  to  correct  this  I  use  a  cylindrical  lens  of  about  two 
focal  ienG:th,  with  its  axis  in  the  line  of  the  slit,  which  can  easily  be  fixed 
at  such  a  distance  between  the  slit  and  the  prisms,  as  to  bring  the  spectn 
and  ihtir  line  of  contact  to  the  same  focus,  la  front  of  the  slit,  close  to 
the  small  rectangular  prism,  is  a  stop  with  a  circular  opening,  to  shot 
out  lateral  light,  and  a  small  achromatic  lens  ot  about  half  an  inch  iu<L^ 
length,  which  gives  a  bettor  field,  and  counteracts  the  effect  of  the  coDcave 
surface  of  the  lifpiid  in  the  tubes  used  in  the  experiments,  if  they  are  not 
quite  full.  Thcbf  un  cut  from  barometer-tubes,  having  an  internal  diameter 
of  about  one-seventh  of  an  inch,  and  an  external  diameter  of  about  ihrte- 
sevenths  of  an  incli.  They  are  made  lialf  an  inch  lonp:,  "rroinul  flat  at  eacb 
end,  and  lixed  with  Canada  balsam  on  slijis  of  glass  twu  luches  loni:  and  about 
six-tenths  of  an  inch  wide,  so  that  the  centre  of  the  tube  is  about  one-fourth 
of  an  inch  froju  one  edge.  By  thii<  arrangement  tlir  liquid  may  be  exannnf-'-l 
through  the  len;;th  of  tlu  tube  by  laying  the  slip  of  glass  tlat  on  the  hUip? 
of  the  microscope,  or  through  the  side  of  the  tube,  by  placmg  the  slip 
vertical  and  the  tube  horizontal.  Cells  of  this  size  can  be  turned  upside 
down  and  deposits  removed  without  any  liquid  being  lost ;  and  the  upper 
surface  of  the  liquid  is  sufficiently  iiat,  even  when  inclined  at  a  considerable 
angle.  If  requisite,  small  bits  of  thin  glass  can  be  laid  on  the  top,  which 
are  held  on  by  capillary  attraction,  or  may  be  fastened  with  gold-aize,  if  it 
be  desirable  to  keep  the  solution  for  a  longer  time.  When  the  depth  of 
colour  is  too  great  in  the  line  of  the  length  of  the  cell,  we  can  at  once  see 
what  would  be  the  effect  of  about  one-fourth  of  the  colour  by  turning  it 
^  sideways ;  and  thus  we  can  sare  much  time,  and  quickly  ascertain  what 
strength  of  solution  would  give  the  best  result.  Very  frequently  we  ob- 
tain an  excellent  spectrum  in  one  direction  with  one  rei^gent*  and  in  the 
other  with  another,  without  fiirther  trouble.  I  have  constmcted  n  amaH 
stage,  too  complicated  to  describe  in  writing,  whieh  enables  me  at  onee  to 
examine  solutions  in  two  such  tubes,  either  endways  or  sideways,  and  co»> 
pare  their  apeetra  side  by  side,  or  to  use  test-tubes^  or  to  fix  the  snaB 
apparatus  whieh  I  have  contrived  for  aoenntely  measoring  the  apccCis. 
This  is  of  such  great  importance  in  these  inquiries  that  I  mnit  doMribe  it 
in  aome  detail. 

3.  8cale  of  Mtamnremitii^ 
It  conaista  of  two  small  Nieol'a  prisnui,  and  an  intermediite  plate  of 
qnarta.  If  white  light,  passmg  through  two  such  prismo,  witiioot  the 
pkte  of  quarts,  be  examined  mth  the  speetnim-microscope,  it  of  coarse 
gives  an  ordinary  contannoua  spectrum  $  but  if  we  plaee  betweoi  Ac 
priama  a  thick  plate  of  quarts  or  selenite,  with  its  axil  at  45^  to  the  pbac 
of  pohmsation,  though  no  difference  can  be  seen  in  the  light  with  the  naked 
eye,  the  spectrum  ia  entuely  changed.   The  light  is  still  white,  hut  it  is 
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made  up  oi"  nhf  rnaLe  black  and  coloured  bands,  eTCnly  distributed  over  the 
whole  sjK'ctium.  The  number  of  these  depends  on  the  thickness  of  the 
dt'jiol'ii  l/.in^  plate,  so  that  we  may  have,  if  we  please,  iiliTiost  innunu  rnble 
fine  black  lines,  or  fewer,  broader  bniids,  l)lnck  in  tlir  ct  ntrr  ami  slmiU-d  uff 
nt  ench  side.  These  facts  are  of  course  easily  ex})].uiied  by  the  mterterence 
of  waves.  It  would,  i  think,  he  impossible  to  have  a  more  convenient  or 
suitable  scale  for  measuring  the  spectra  of  coloured  solids  and  hquids.  If 
we  use  a  micrometer  in  the  eyepiece,  an  alteration  in  the  width  of  the  slit 
modifies  the  readings,  and  the  least  movement  of  the  apparatus  may  leiul 
to  error,  whereaa  this  scale  is  not  open  to  either  objection.  Besides  this, 
the  unequal  dispernon  of  the  spectrum  makes  the  blue  end  too  broad«  so 
that  a  given  width,  as  measured  with  a  micrometer  in  the  eyepiece,  is  not 
of  the  same  optical  value  as  the  same  width  in  the  red.  The  divisions  in 
the  interferenoe^spectrum  bear,  on  the  contrary,  the  same  relation  to  the 
length  of  the  waves  of  light  in  all  parts  of  the  spectrum,  and  no  want  of 
adjoBtment  in  the  instrument  alters  their  position.  As  will  be  seen  ftom 
the  drawing  (fig.  1),  the  unequal  dispersion  makes  the  distance  betweeeo 
the  bands  in  the  bine  about  twice  as  great  as  in  the  red.  The  perfection 
of  a  spectrum  would  be  one  in  which  they  were  all  at  eqnal  intervals ;  but 
possibly  no  soeh  uniform  dispersbn  could  be  produced.  By  having  a 
direct-vision  prism,  composed  of  one  of  llint*ghss  of  60^,  and  two  of 
crown-glass  of  suitable  angle,  we  can  place  it  over  the  eyepiece,  and  may 
diminish  the  dispersion  at  the  blue  end,  or  increase  that  at  the  red 
end,  by  turning  it  in  one  position  or  the  other,  and  thus  see  either 
end  to  the  greatest  advantage.  It  is,  of  course,  very  easy  to  draw 
spectra  on  this  principle,  and  give  all  parts  equal  prominence,  and  not  an 
nndnly  compressed  red,  and  an  unduly  expanded  bine  end.  Thus  drawn, 
the  spectra  aro  fiur  more  uniform  in  many  of  their  charaeterSk  and  some 
general  laws  aro  at  once  apparent  that  otherwise  might  have  been  entirely 
overlooked ;  and  on  this  account  I  shall  adopt  this  system  in  those  figured 
in  thb  paper.  It  is,  in  fact,  merely  representing  the  actual  measurements 
by  drawings,  without  being  at  the  trouble  of  distorting  them,  so  as  to  be 
like  naturally  distorted  spectra. 

Since  the  number  of  divisions  depends  on  the  thickness  of  the  interfer- 
ence-plate, it  became  necessary  to  decide  what  number  should  be  adoptid. 
At  tirst  1  thought  Lljat  ten  would  be  most  suitable  ;  but,  on  trying,  it 
appeared  to  me  too  few  for  practical  work.  Twenty  is  too  many,  since  it 
then  becomes  extremely  difficult  to  count  them.  Twelve  is  as  many  as 
can  be  easily  counted  ;  it  is  a  number  easily  remenfbered,  gives  sufficient 
accuracy,  and  has  a  vniu  ty  of  other  advantages.  With  twelve  divisions 
the  sodium-line  d  comes  very  accurately  at  'Ah;  and  thus,  by  adjusting 
the  plate  so  that  a  bright  sodium-line  is  hui  ui  the  centre  of  the  band, 
when  the  Nicol's  prisms  are  crossed,  it  is  nrrurfttely  at  3^,  when  they  are 
arranged  parallel,  so  as  to  give  a  wider  field.  The  L:eneral  character  of  the 
scale  will  be  best  understood  from  the  ibUowmg  tigure,  in  which  I  have 
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numbered  the  bands,  and  given  below  the  })rincipal  Fraunhofer  lines. 


Anrn         EiF  r. 


Tlie  centre  of  the  bands  is  black,  and  they  are  shaded  off  gradiudlj  at  each 
lide^  10  that  the  shaded  part  is  about  equal  to  the  intermediate  bri^t 
ipeees.  Taking,  then,  the  centres  of  the  black  bands  aa  I,  2,  3,  &c.,  the 
centres  of  the  bright  spaces  arc  1 K  2|,  3|,  &€.,  the  lower  edges  of  each  |^ 
If,  fte.»  and  the  npper  &c.   We  can  easily  difide  thcie  qnarten 

mto  eighths  hy  the  eye;  and  this  is  as  near  as  is  required  in  the  soljed 
hefore  ua^  and  eonesponds  as  nearly  as  possible  to  part  of  the  whok 
spectnun,  Tisible  under  ordinary  eiieomstuiees  hy  gadig^t  and  dayfigjit 
Ahsorptkm^hsnds  at  the  red  end  are  hest  seen  by  lunplightt  and  those  st 
the  Uue  end  hy  daylight 

On  this  scale  the  position  of  some  of  the  principal  lines  of  the  sobr 
spectrmn  is  about  as  follows : — 

A....  i  C,...2|  D....  3i 
E....5^     6  ...,6^     F  7i  G....10g 

At  first  I  used  plates  of  sclenite,  which  are  easily  prepared,  because  they 
can  be  split  to  nearly  the  requisite  thickness  with  parallel  faces  ;  but  I  found 
that  its  depolarizing  power  varies  so  much  with  the  temperature,  that  even 
the  ordinary  atmospheric  changes  alter  the  position  of  the  bands.  Quarti 
cut  parallel  to  the  principal  axis  of  the  crystal  is  so  slightly  affected  in  thb 
manner,  as  not  to  be  open  to  this  objection,  but  is  prepared  with  far  greater 
difficulty.  The  sides  should  be  perfectly  parallel,  and  the  thickness  about 
•043  inch,  and  gradually  polished  down  with  rouge  until  the  sodium-line 
is  seen  in  its  proper  place.  This  must  be  done  carefully,  since  a  difference 
of  jiriinr  ^^^^  thickness  would  make  it  decidedly  incorrect.  I  have 
prepared  such  plates,  corresponding  to  my  own,  and  placed  them  in  tin 
hands  of  Mr.  Browning  and  of  Messrs.  Becksb  so  that  any  one  wiahiag  t0 
adopt  a  similar  scale  may  be  able  to  do  so  more  accufitdy. 

The  two  Niool's  prisms  and  the  interrening  pbte  are  moonted  in  a  tabe 
and  attached  to  a  piece  of  brass  in  such  a  manner  that  the  centre  of  the 
i^rture  exactly  corresponds  to  the  centra  of  any  of  the  cells  used  in  thi 
ezperimentSft  which  aige  all  made  to  correspond  in  such  a  manner  that  ssf 
of  them,  or  this  apparatus,  may  be  placed  on  the  stage  and  be  in  the  proper 
place  without  further  adjuitment,  which,  of  course  saves  much  time  sad 
trouhle. 

4.  Sifmboli  used  to  describe  Spectra* 
In  order  to  describe  spectra  in  my  note-hook  or  in  print,  I  have  denied 
a  pimple  notation,  employing  types  in  constant  use.  Instead  of  writing  as 
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account  of  this  system,  I  here  give  a  printed  illustration,  which  will  show 
that  by  this  means  il  is  easy  tu  give  in  a  single  line  all  the  essential  parti- 
culars which  would  otherwise  require  a  long  and  tedious  descr!])tion,  or  a 
number  of  (lrflw}n2:s  and  woodcuts,  ^Vitllout  some  such  method  of  measu- 
ring and  recording  spectra  it  would  be  almost  impossible  to  carry  on 
extensive  Inquiries. 
The  iutensity  of  the  absorption  is  expressed  by  the  followiog  <^^pefl : — 

Not  at  all  sliaded  Blank  gpaco. 

Very  Blightlv  shaded  .  .  .   BoiA  with  wide  spaces. 

Beflidedly  shaded  • . .    Dots  closer  together. 
More  ahadi  d  Veij  oloee  dota. 

Strongly  shaded,  but  so  tliat  a  trace  1  v^i.^ 
or«>Ioi]r  it  aim  eeen  |  Xtooe  hyplwii  doifc 

l^lUl  darker  — -     Single  dash. 
Vearly  bkok  —  Double  deeh. 

IbneptwlmipecunjTCqoiBiteyOiilylliff^yaibdi  ...  -7-  —  mem- 
pbjed  for  the  sake  of  nmplidt/y  and  then  as  signa  of  tiie  lelatiT^  latber 
than  of  the  absolnte^  amount  of  abaoiplion ;  and  it  if  aflaomed  that  there 
ifl  a  gradual  thading  off  ficom  one  tmt  to  the  other,  milesB  the  eontiary  is 
expreaaed.  This  ia  done  bj  meana  of  a  amall  vertical  line  over  the  iigiire 
(see  No.  11)^  which  ahowa  that  theie  ia  a  well-marked  division  between 
them.  Definite  narrow  abioiption*handB  are  indicated  by  *  printed  over 
their  centre.  Thia  willbebettcr  nndcntood  by  adeaeriptioiiof  theapec- 
tmm  of  deoiidiied  hsematin. 

1 


I    .   I  1 
3  I   I  I 
I  III 


4^  —  6  5*  *  6|  9  .  .  10  —  11  — 

The  following  eiainples  will  show  how  aimple  or  more  complicated 
iqtectiv  may  thus  readily  be  printed  and  compared.  I  have  chosen  sola- 
tiona  of  aimilar  tintt  in  order  to  show  that  tlie  apectra  of  thoae  of  nearly 
the  aame  colour  may  be  reiy  different,  or,  if  analogous,  may  differ  in 
detaila  easily  eipreaaed  by  the  ^ymbola.  The  eohntr  of  each  ia  given  after 
the  name.  Noa.  1,  8,  9,  10, 11, 12,  and  13  can  be  kept  for  a  long  time 
aealed  np  in  tnbea,  and  the  reat  are  canly  prepared.  I  luKve  in  all  eaaea 
choeen  that  atrength  of  aolutbn  which  givea  dther  the  moat  dhaiacteriatic 
spectra*  or  thoae  beat  anited  for  oompariaon  with  other  allied  cokNira. 

1.  Oodlmr  in  aliim        (PMk)        a  8  11.-- 

2.  Colour  of  Elder  berries  with  1       ^     ra  a     o       1 1 

ritrir  acid.  (R'd  Pink)  J        *  *  '  •  -  J  ...  i  1 

3.  Brazil-wood,  with  bicarbonate!  ♦ 

of  ammonia.  {Pink)  j       4^  —  i>ij  8 

4  Logwood,  Willi  bioBilNiiuite  ofl  « 

ammonia.  3|  ~  d| . . . .  ^7 
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Tiie  next  four  are  spectra  of  blood,  produced  by 
of  the  various  reagents,  as  in  detectbg  fresh  stains. 

•  • 

6.  MhBlood.       {F^SnarM)         — 4|      4|  — 5t  7..8.-S 

&  Citrio  Add  tbm  added.  \  « 

{PakBnmn)]    1^. . .  2i  ,  4 .  .  .  8  . . .  »  —  10 — 

7.  Ammonia  then  added.  1         *  « 


A.  1         *  * 

I'ak  Brown)  ]     3|...4|  7.  .8  —  10— 


8.   J>eoiii(ii£«'<i  hisematin,  from  blood- \         *  • 

rtain2jcawold.  {Pink)]    4^—6    6t...6|    9. .10— 11  — 

With  these  mny  be  compared  the  two  spectra  which  more  oearly  resemble 
those  produced  by  blood  than  any  I  have  yet  seen, 

*  * 

9.   Cochineal  in  alum.       iJHnk)      a|  —  4i  . . .  d|  —  6| . .  .74 

»  * 

10.   Alkimet-root  in  alum.   {Pink)      34  —  4f      5^  .  . .  5j 

The  following  spectra  of  compounds  derived  from  chlorophyll  are  as 
complicated  as  any  I  have  met  with. 

11.  Normal  ciilorophyll  1  i 

12.  Ditto,  a?  1  cnTnpos-"^ 

ed  br  acidt»,  or  as  1    *  *  *  * 

fimmdiBMiMleftTaa.  [  1-^2^  2^  — i^. .  .5^..-52.  ..6}>-7f  8|.--9|— 
{Otvoe  Green) ) 

13.  Ditto,  as  deooinpo8-  \ 

iWid  thon  hy  iiyUro-  I     *  *  •  * 

chlorioacid.    '       [  i  —  1     1*  —  If     H  -  -i       4^  —  B^. .  .9 ■  -  19- 

ified^G-ncn.  Xe-tfrcd 
Tint)  ) 

5.  General  Remarks  on  Absorption,  ^e. 

It  appears  to  me  that  in  adopting  the  undulatoiy  theory  of  light  it 
greatly  simplifies  the  subject  before  us  if  we,  to  some  extent,  make  use  of 
the  phraseology  of  acoustics.  And  thus,  for  example,  I  shall  speak  of  two 
absorption-bands  that  occur,  one  nearer  the  red,  and  the  f  thrr  nc^arer  the 
blue,  end  of  the  spectrum,  as  being  relatively  lower  and  higher.  In  a 
similar  manner,  if  the  addition  of  some  reagent  cause  the  absorption  to  in- 
crease towards  the  blue,  and  decrease  towards  the  red,  end,  I  shall  describe 
it  as  rmeinff  the  position  of  the  absorption.  We  may  also  make  some  fivts 
more  intelligible  by  comparing  them  with  the  analogous  phenomena  of 
sound,  and  thus,  for  instance,  may  suppose  that  very  narrow  absorption- 
bands  indicate  that  the  ultimate  particles  of  the  subslanee  will  only  take 
up  vibrations  of  light  of  nearly  one  particuhtr  velocity,  and  that  broad 
absorption^bands  show  that  the  particles  have  a  much  less  definite  rate  of 
movement.  Anslogy  would  also  lead  us  to  infer  that,  when  two  speetia 
differ  v^ry  decidedly,  they  moat  be  due  to  difibrent  substances,  or  to  Um 
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same  in  a  different  condition  ;  wherpas,  if  two  spectra  agree,  they  may  be 
the  same  substance,  or  two  distinct  snbsiances,  whose  different  actions  are 
made  equal  by  particular  circumstancr^.  As  an  illustration,  we  may  refer 
to  a  short  string,  which  may  give  the  sumic  note  as  a  longer  whose  trnsion 
is  greater.  For  this  reason  we  should  be  caretnl  not  to  rely  too  much  on 
one  s]it'ctruT7:i.  If,  however,  we  can  ])r(ydurc  some  great  physical  change 
in  both  substances,  and  still  their  spectra  remain  the  same  undtr  equal 
conditions,  and  if  this  occur  uniformly  in  several  different  chann;es,  we 
may  conclude  that  they  are  identical.  Hence  the  value  of  tiie  various 
reagents  named  below.  Mahj  excellent  iUuAtrationB  of  these  principles 
could  easily  be  |^?en. 

6.  Oeneral  Method  of  Egpenmenie, 

Since  tbe  spectram-imcroscope  enables  us  to  use  very  small  quantities, 
it  appeared  denrable  to  adopt  such  a  method  of  research  as  would  enable 
us  to  take  full  advantage  of  this  circumstance,  and  to  avoid  as  much  as 

possible  previous  chemical  manipulations.  On  this  account  I  shall  say 
nothing  about  modified  chemical  metliods,  wliich  may,  of  course,  be  also 
employed  when  sufficient  material  is  at  command.  My  aim  has  been  to 
contrive  a  special  system  of  qualitative  mialysis  of  coloured  substances 
apjjlicuble  to  minute  quantities,  and  as  iiuh  jtendent  of  general  chemistry  as 
the  blowpipe  method  is  in  the  case  of  minerals.  I  may  here  say  that  in  some 
very  important  practical  applicationa  to  the  detection  of  blood-stains 
not  above  yJ^u  »  grain  was  at  disposal^  and  yet  perfectly  satisfactory 
results  were  obtained. 

I  \v!is  h.  (1  to  study  the  colouring-matters  of  flow  ers,  lcnvu5i,  fruit?,  ^  oods, 
and  roots,  because  it  appeared  a  most  luhiiirahK  lirhl  oi  inquiry  to  teach 
the  ^pnpral  principles  of  the  subject.  The  colours  being  so  various,  and 
occurring  under  such  complicated  conditions,  I  thought  thnt  if  methods 
could  be  devised  to  distinguish  those  that  are  dissimilar  and  to  prove  the 
identity  of  those  that  are  alike,  even  when  mixed  with  coloured  impurities, 
8uch  principles  could  easily  be  a))plied  to  other  inquiries.  If  the  question 
were  merely  to  distinguish  or  compare  absolutely  j)ure  colouring- matters, 
there  would  be  little  or  no  difficulty ;  but  it  appeared  to  me  that  one  gjeat 
value  of  the  method  would  be  to  be  able  to  apply  it  at  once  to  very  impure 
and  mixed  materials.  In  such  cases  mere  colour  is  of  very  secondary  im- 
portanoe^  since  that  may  be  totally  changed  by  a  very  smaD  amount  of 
impurity. 

7>  Preparatkn  of  CoUmre. 

If  the  petals,  leaves,  &c.  of  plants  be  crushed  in  water,  it  very  com- 
monly haj)j)ens  that  the  colour  is  rapidly  decomposed  and  no  clear 
solution  can  be  obtained;  but  if  crushed  in  a  moderate  quantity  of 
spirits  of  wine,  and  the  solution  squeezed  out,  filtered,  and  evaporated  to 
dryness  at  a  gentle  heat,  the  colouring-matter  does  not  decompose,  even 
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when  redissolved  in  water  anrl  filtered  to  remove  anything  not  soluble 
in  that  liquid.  This  clear  solution  should  then  be  evaporated  to  dryness 
at  n  gentle  lieat  in  a  sniull  sancer,  nnd  kept  drij  ;  for  then  the  colours  often 
muleri:u  no  imporlaiit  ehauge  in  the  eoui  se  of  niauy  months,  whereas,  when 
kept  dissolved  in  water  or  alcohol,  they  may  quickly  decompose.  I  have 
thus  prepfired  the  colouriiip:  niattei'  ot'  above  n  hnndred  ditTerent  Tegetable 
substftuees,  some  of  which  have  become  entirely  changed,  hut  a  large 
number  are  apparently  still  unaltered.  I  have  also  kept  a  number  of 
colours,  sealed  up  iu  glass  tubes,  ready  for  direct  examination,  dissolved 
in  alcohol,  m  strong  syrup,  or  in  alum.  Many  have  decomposed,  but 
many  have  kept  perfectly  well,  or  have  merely  faded,  and  still  give  excel- 
lent spectra  after  above  a  year.  I  have  also  prepared  and  kept  iu  the 
same  maoner  some  animal  coloaring-matterB^  but  oomparat&Tely  few. 

8.  Method  0/ exammatioM, 

The  coloured  suhstanoes  are  examined,  when  diseolTed  in  water,  alcohol, 
or  oUier  adTent,  In  the  small  eeUa  already  deacribed,  and  the  Tuioos 
reagents  are  added  and  mixed  by  means  of  a  moderately  stout  platinom 
wire«  flattened  at  one  end  and  turned  up  square^  like  a  little  hoe.  I  have 
made  many  experiments  in  order  to  ascertain  what  reagents  are  moat  aer- 
▼ioeable  in  developing  characteristic  spectra*  and  hare  at  length  oondnded 
that  for  general  purposes  the  following  are  the  most  conTcnient*  Those 
which  are  solid  are  best  kept  in  small  bottles  as  coarse  powder,  and  added 
to  the  smali  ceUs  in  a  solid  state,  so  that  the  quantify  used  may  be  move 
readily  known. 

Hydrocliluric  acid. 

Citric  field. 

Benzoic  acid. 

Boraeic  acid. 

Bicarbonate  of  ammonia. 

Carbonate  of  soda. 

Diluted  solution  of  ammonia. 

Caustic  potash. 

Sulphite  of  soda. 

Sulphate  of  protoxide  of  iron. 

Alum. 

Iodine  dissolved  in  alcohol. 
Bromine  dissolved  in  water. 
Solution  of  hypochlorite  of  soda. 
Permanganate  of  potash. 

This  list  might  of  course  be  very  much  extended,  if  we  were  to  inclnde 
such  reagents  as  mny  he  used  m  separating  or  decomposing  colours  by  the 
ordinary  chemical  methods.    Iu  describing  the  effect  of  those  named  in 
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ibis  list,  I  feel  that  I  could  not  avMd  mentioning  some  well-known  facts 
without  breaking  the  thread  of  mj  aigument;  and  therefore  I  trust  it  may 
not  be  thought  out  of  place  if  I  give  a  general  accomitof  the  whole  from  the 
particular  point  of  Tiew  lequired  by  the  subject  more  especially  before  us. 

The  action  of  many  reagents  b  ao  intimately  related  tq  different  parts  of 
the  a|iectiiun,  as  to  show  that  there  must  be  some  connexion  between  so- 
called  chemical  reactions  and  optical  phenomena.  Not  that  their  effect  is 
absolutely  the  same  in  the  case  of  all  coloured  substances,  but  generally 
only  the  essteiU  differs,  whilst  the  eharaeter  isi£  the  change  is  uniform ;  un- 
less, indeed,  decomposition  take  place ;  and  eren  then  it  has  a  tendency  to 
conform  lo  a  general  law* 

10.  Soivenie. 

Water  and  iloohol  are  the  most  useftd  soWents,  and  the  spectra  of  the 
two  solutions  of  the  same  substance  often  differ  most  strikingly ;  in  Act 
they  often  behaTo  in  other  respects  as  if  they  were  solutions  of  different 
svbstaiioes.  Sometimes  the  spectra  are  absolutely  identical,  but  often  well- 
marked  narrow  absorption-bands  are  seen  in  the  alcoholic  solution,  where 
they  are  almost,  or  quite,  ioTisible  in  the  aqueous.  Very  commonly  the 
same  bands  are  seen  in  both,  but  not  exactly  in  the  same  place,  alcohol  some- 
times raising  them  to  a  liigher  ])art  of  the  spectrum,  and  sometimes  de- 
pressing them.  Occasionally  the  spectrum  of  the  dry  material  is  like  that 
of  iLe  alcoholic  solution,  and  uiilike  tliat  of  the  aqueous,  as  if  the  dif- 
ference were  due  to  the  presence  of  water,  but  in  other  cases  it  is  unlike 
botli.  At  all  events  the  facts  clearly  yhow  that  a  solvent  has  a  most  im- 
portant acLiou  on  the  ultimate  particles  of  the  substance  in  soluLioii,  since 
it  may  produce  a  greater  change  in  optical  j)henomena  than  even  chemical 
combination.    Undistiiied  hard  water  may  act  iike  a  weak  alkali. 

n.  Jeidt  and  JlkaUn. 

As  far  as  optical  phenomena  arc  concerned,  there  is  no  absolute  divi- 
sion between  acids  and  rdkalics ;  for  we  have  every  connecting  link  from 
the  strongest  acids  to  tlie  strongest  alkalies.  In  order  to  understJind  their 
action,  it  is  most  essential  to  distinguish  between  what  may  be  called 
"general  absorption"  and  *' local  absorption-bands.*'  There  may,  i>er- 
baps,  be  no  absolute  line  of  division,  but  when  seen  to  advantage  they 
are  affected  in  jauch  a  different  manner  that  it  is  desirable  to  treat  of  each 
separately. 

\2.  General  Aljsorjjiw/f. 
As  a  good  example  ol  simple  general  absorption,  we  may  take  the  crim- 
son colourinfr-niatter  of  the  common  Wallllowt  r  ( Cheiranthux  C/ieiri),  ^vliicli 
is  ^luble  in  water,  and,  aU  nLr  with  n  yellow  only  soluble  in  alcohol,  gives 
rise  to  the  varied  colours  ot  the  Howers* 

When  neutral,  it  is  crimion   2|....7    10..  11  — 

With  ammonia,  fine  green  ....  1| — 4^..6       7. .  8-  -  9 — 
With  citric  acid,  deep  pink  ....        3^.-  4^    6 -..8^    1 1... 
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These  facts  will  be  better  understood  bj  means  of  the  followiug  draw- 
ing:— 

Bed  end.  Fig.  2.         Bbe  end. 


1.  Citrioaoid. 


2,  Neutral. 


3»  Ammonia. 


Whence  it  will  be  seen  that  citric  acid  raises  and  greatly  increases  the  cen- 
tral absorption,  and  ammonia  lowers  and  also  increases  it.  At  the  same 
time  the  absorption  at  the  extreme  blue  end  of  the  spectrum  is  raised  bj 
the  add  almost  to  beyond  the  range  of  vision,  but  lowered  to  the  centre 
of  the  spectrum  by  ammonia.  Acids  and  alkalies  of  intenncdiate character, 
as,  for  example,  boracic  acid  and  bicarbonate  of  ammonia,  produce  inter- 
mediate effects.  These  well-known  phenomena  may  be  looked  upon  as 
typical  of  acids  and  alkalies,  but  the  extent  of  their  action  varies  for  eadi 
particular  colouring-matter,  so  that  ia  some  oasea.it  is  slight,  and  some- 
times neither  acids  nor  alkalies  produce  any  effect  Their  relative  actaoe 
on  the  central  and  upper  absorption  abo  varies  very  greatly  in  diffiBrenl 
colours.  If  there  is  no  general  absorption  in  the  centre  of  the  Bpectmm. 
when  the  oobnr  is  neutral,  hat  only  an  absorption  at  ihe  blue  end,  acidi 
and  alkalies  act  on  it  in  precisely  the  same  manner  as  on  the  absorptioD  at 
the  blue  end  in  the  case  just  dncribed,  ratsmg  or  lowering  it  to  an  extent 
varymg  greatly  according  to  the  sabstanoe ;  and  the  same  may  be  said  of 
any  general  absorption  at  the  red  end.  The  rcYerse  certainly  oeenrs  when 
an  acid  is  added  to  chromate  of  potash,  or  excess  of  ammonia  to  m  salt  of 
copper;  and,  according  to  Stokes  (Phil.  Trans.  1862,  p.  609),  alkaloid 
bases  nsually  show  this  reverse  action.  It  may  depend  on  the  di£Feceat 
properties  of  two  distinet  eompoundi,  which  does  not  appear  to  be  the 
canse  of  the  phenomena  now  under  consideration.  In  the  caae  of  afl  the 
Tegetable  colouring-matters  which  I  have  examined,  the  tendency  of  acids 
is  to  raise,  and  of  alkalies  to  depress,  the  general  absorptran  in  each  pait 
of  the  spectrum ;  the  extent  of  this  action  dependmg  on  the  strength  and 
quantity  of  the  reagents,  and  on  the  nature  of  each  colouring-matter ;  and 
thus  we  have  a  general  rule,  and  not  several,  as  commonly  adc^ted  by 
chemists,  each  of  very  limited  application ;  for  instance,  that  vegetable 
blues  are  turned  red  by  adds,  and  green  by  alkalies ;  and  that  vegetable 
yellows  are  reddened  by  alkalies.    I  may  here  remark  that  some  colours 
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•would  appear  to  be  exceptions,  if  we  did  not  remember  that  waves  of 
light,  or  waves  analogous  to  them,  exist  beyond  the  visible  spectrum. 
Thus,  for  example,  when  alkalies  are  added  to  the  yellow  solution  of  Brazil- 
wood (6'<3?«a//ii/Jja  crw/a),  it  is  cliaiir^rt  d  tu  pink,  the  absorption  being  so 
much  lowered  that  the  blues  ure  triinsiniued  ;  this  dear  space  correspond- 
ing to  what  ^vas  probably  a  clear  space  beyond  the  blues  visible  under 
ordinary  circui:i^stances,  hut  which  would  perhaps  be  seen,  if  examined  in  the 
manner  described  by  Stokes  in  his  paper  ou  the  long  spectrum  oi  electric 
%ht«. 

13.  Fddin (J  of  Solutions. 
One  striking  peculiarity  in  the  action  of  acifl:^  on  the  solutions  of  many 
vegetable  colours  is,  that,  when  they  are  in  a  particular  state  of  acidity, 
they  fade  to  nearly  or  quite  coloiirles??,  without  there  being  any  decompo- 
sition.   This  is  especially  the  case  with  pink  colours  dissolved  in  alcohol. 
It  occurs  slightly  with  blue  colours,  and  little,  if  at  all,  with  yellows.  The 
•qaeous  solutions  change  much  more  slowly,  but  more  and  more  rapidly 
the  more  they  are  diluted ;  and  frequently  attain  a  permaaent  depth  of 
eoloiir*  which  b  dark  or  pale  according  as  the  solution  is  strong  or  dilute. 
Of  course  I  here  allude  to  the  effect  of  the  mme  total  amount  i^  colour, 
and  not  to  the  different  effect  of  the  same  quantity  of  a  strong  or  dilute 
mdutUm,   The  alcoholic  solutions  obtained  direct  from  the  flowers  often 
fiide  BO  rapidly,  and  become  so  nearly  colourtei^  that  any  one  might  easily 
fancy  that  all  the  colour  was  lost  by  decomposition ;  and  an  evaporating 
dish  contaiDiog  it,  might  appear  merely  filled  with  brownish  alcohol,  and 
yet  on  evaporation  the  whole  dish  might  be  covered  with  a  fine  deep  colour. 
The  same  change  may  occur  over  and  over  again,  the  deep-coloured  solu- 
tion  first  obtaineid  soon' fading  and  the  colour  being  restored  by  subsequent 
evaporation* 

When  such  a  cobur  is  dissolved  in  a  little  water  and  added  to  alcohol  in 
an  experiment  tube,  the  colour  may  at  first  be  veiy  deep,  but  may  &de  so 
rapidly  that  there  is  scarcely  time  to  observe  the  spectrum  before  it  passes 
into  that  molecular  state  whidi  does  not  absorb  any  of  the  rays  of  light. 
The  colouring-matter  of  the  flowers  of  the  red  Salvia  (S.  sp/nufm)  is  an 
excellent  example*  Neutral  solutions  do  not  undergo  tlus  rapid  change ; 
a  different  condition  of  acidity  is  requisite  for  difl^rent  colonrmg-mat- 
tera ;  and  some  do  not  change  at  alL  A  large  excess  of  citric  acid  Teiy 
oflteo  restores  the  intensity  of  the  colour ;  and  usually  the  absorption-bands 
are  seen  to  the  greatest  advantage  when  the  solution  is  in  that  state  which 
rapidly  fades ;  and  by  adding  too  much  colour  and  watching  whilst  it  fades, 
they  may  be  seen  and  measured  when  at  their  best.  This  fading  of  a  dark- 
coloured  solution  must  not  be  confounded  with  the  change  which  takes 
place  on  diluting  some  salu,  as  described  by  Br.  Gladstone  in  bis  paper  on 
that  subjectt. 

♦  riiil.  Trans.  1602,  p.  599. 

t  ^iuurt.  Journ.  Cbein.  Soc.  vol,  xi.  p.  iiO. 
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14.  Ab8orpti(m-hand4. 

Though  acids  and  alkalies  thus,  to  a  greater  or  less  extent,  alter  the 
position  of  the  general  absorption,  they  act  very  differently  on  the  special, 
local  absorption  to  which  it  is  very  convenient  to  restrict  the  term  "  absorp- 
tion-bands." Since  I  shall  often  have  to  speak  of  their  being  at  equal  in- 
tervals, it  would  be  well  to  say  that  I  have  found  it  convenient  to  construct 
a  wedge-shaped  piece  of  quartz,  cut  parallel  to  the  axis  of  the  crystal,  and 
to  use  it  along  with  two  Nicol's  prisms  in  such  a  manner  that  the  spectrum 
may  be  divided  into  any  requisite  number  of  equal  portions,  by  inter- 
ference-bauds situated  in  any  requisite  position.  This  of  course  avoids 
the  errors  which  so  often  happen  when  we  compare  together  measure- 
ments that  cannot  be  made  with  very  great  accuracy. 

As  an  excellent  illustration  I  select  the  colouring-matter  of  Alkanet-root 
(Anchuaa  tinctorid).  It  is  insoluble  in  water,  but  is  easily  dissolved  by 
alcohol,  even  when  much  diluted  with  water,  and  gives  a  clear  pink  solu- 
tion. The  spectrum  is  nearly  the  same  when  the  colour  is  dissolved  in 
absolute  alcohol,  as  when  much  water  is  present,  only  each  of  the  absorp- 
tion-bands is  situated  rather  higher.  Thus,  taking  the  centres  of  the  bands, 
we  have — 

h.        e.  d. 

Absolute  alcohol   4|       5^  7| 

Very  dilute  alcohol   4  4       5  J  7\ 

The  general  spectrum  of  the  solution  in  dilute  alcohol  will  be  best  un- 
derstood from  the  following  figure,  No.  1 : — 

Fig.  3. 

Bed  end.   a    b       e       d  Blue  end. 


1.  Neutral  or  Komcwlmt  acid. 


2.  A  little  carbonate  of  soda. 


3.  More  carbonate  of  soda. 


a  b 

Acids  produce  no  important  change,  and  the  effect  of  alkalies  is  best 
seen  by  gradually  adding  carbonate  of  soda.  This  alters  the  colour  to  a 
more  and  more  blue-purple,  and  the  spectrum  is  changed  in  the  manner 
shown  in  fig.  3.  The  three  bands  seen  in  the  neutral  solution  may  be 
referred  to  as  b,  c,  and  r/,  and  their  centres  occur  at  equal  intervals  of 
about  1^.  When  enough  carbonate  of  soda  has  been  added  to  make  it 
slightly  purple,  a  fourth  band,  o,  makes  its  appearance,  separated  from  b  by 
Ibe  same  ccjual  interval  of  U,  whilst  the  other  bands  remain  iu  the  same 
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position  as  at  firat»  only  modifiixi  in  intensity.  The  band  a  becomes 
darker  and  darker  as  more  carbonate  is  added,  until,  when  the  solution  ia 
a  fine  purple,  it  is  aa  dark  as  the  others  (see  No.  2) ;  and  on  adding' more 
carbonate  it  becomes  still  darker,  and  the  banda  c  and  d  more  faint»  nndl 
the  solution  is  a  purple-blue ;  and  the  spectrum  has  onlj  the  two  well* 
narked  bands  a  and  b,  shown  by  No*  3. 

The  bright  bine  colouring-matter  of  the  flowera  of  Lob^ia  wpmota 
gives,  when  meutral^  almost  exactly  the  aame  spectrum  as  that  of 
Alkanet-rooC  when  alMine,  No*  d»  having  two  well-marked  abaorptioii- 
hands,  whose  eentres  are  at  2|  and  4| ;  and  on  adding  carbonate  of  aoda, 
the  upper  one  Is  gradnally  removed,  and  the  centre  of  the  lower  is  de- 
pressed to  near  2i*  More  or  less  similar  results  ooenr  in  the  case  of  many 
other  blue  coloaring-mattera ;  and  on  adding  a  slight  excess  of  add  the 
general  absorption  is  raised,  and  other  bands  may  be  developed  higher  np» 
at  equal  intervals ;  but  when  a  large  excess  has  been  added,  they  are  lost 
in  a  strong  genend  absorption*  Too  strong  an  alkaU  may  also  destroy 
narrow  hamls  in  a  similar  manner,  as  is  well  seen  in  the  case  of  Brasil- 
wood.  The  neutral  aqueous  lolution  shows  an  absorption-hand,  made  ftx 
more  distinct  by  the  addition  of  bicarbonate  of  ammonia,  which  makes  it 
pbik  and  very  flnotesoent*  The  spectrum  is  then 

4|-5|  75 

but  on  adding  excess  of  ammonia  the  solution  ceases  to  be  fluorescent,  the 
narrow  absorption-band  is  lost,  and  the  spectrum  becomes 

3^.-4^— 8-.*  di. 
Ammonia  does  not  produce  this  efliBct  when  the  cdonr  is  dissolved  in 
alcohol*  the  solution  remaining  fluorescent  and  still  giving  the  narrow 
hand ;  and,  as  a  general  rule,  that  solvent  greatly  impedes  or  entirely  pre- 
vents such  changei^  and  on  this  account  almost  invaiiably  shows  absorp- 
tion-bands to  the  greatest  advantage. 

Ve  therefore  see  irom  the  above  examples  that  the  absorption  follows 
the  general  role,  and  ia  raised  by  addi^  and  depressed  by  alkalies ;  but  this 
only  supplies  to  the  absorption  when  viewed  as  «  foMe^  and  not  to  the 
separate  bands ;  fl»r  those  reagents  change  their  uUeiuUy,  but  not  their 
fotUi(m»  In  some  cases,  indeed,  thdr  position  is  slightly  altered,  so  that 
perhaps  it  would  be  more  correct  to  say  that  adds  and  alkalies  may  raise 
and  depress  the  general  absorption  to  an  extent  equal  to  a  considerable 
ftaction  of  ita  own  great  breadth ;  whereas  they  dther  do  not  cfamige  the 
podtion  of  narrow  absorptbn-banda,  or  merdy  raise  and  depress  them  by 
a  fraction  of  Uidr  own  narrow  width.  It  is  their  very  definite  podtion 
that  makes  them  so  usefol  in  this  method  of  analysis. 

Unfortunately  I  have  not  hitherto  been  able  to  find  a  suffident  number 
of  colouring-matters  giving  rise  to  three  or  more  well-marked  absorption- 
bands,  to  warrant  a  general  condusion ;  and  therefore  it  is  perhaps  prema- 
ture to  eondude  that  thdr  centres  dways  occur  at  e^ital  intenaU,  At 
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the  Mune  time  it  is  certMtily  a  veiy  common  fiust.  When  the  nuodmam 
point  of  tTantparancy  occurs  between  the  different  bands*  there  maj  be»  ss 
it  were,  a  double  intenral ;  bnt  then,  sometimes*  even  this  misaiiig  band 
may  be  seen  under  favourable  eonditions.  A  difference  in  the  general  ab- 
sorption may  also  somewhat  alter  the  apparent  position  of  a  band,  if  it  il 
strongly  shaded  on  one  side,  and  not  on  the  other;  and  the  presence  of 
iiiipuiities  may  also  modify  the  results,  so  that  absolute  accuracy  caiinot 
be  expected  in  all  cases ;  and  occasiouiilly  very  narrow  bands  occur  which 
appear  to  belong  to  a  second  system.  It  must  be  borne  in  mind  that  the 
bands  are  ec^iitdislaul,  only  when  measured  by  means  of  the  lati  rference- 
spectrum.  Thus,  in  the  case  of  AikancL-root,  when  measured  with  a  mi- 
crometer, instead  of  the  intervals  a  to  h  and  ^'  to  <^  being  equal,  they  are  related 
to  one  another  abont  as  1 }  and  2,  and  thus  the  general  law  is  entirely  ob- 
.scurcd.  If  subsequent  research  should  prove  that  the  bands  arc  normally 
at  equal  intervals,  it  will  be  a  fact  of  great  value  in  deciJiug  whether  cer- 
tain spectra  are  nr  are  not  due  to  h  mixture  of  colours;  since,  if  a  banri 
occurred  at  a  perfectly  unequal  interval,  it  would  sliciw  that  there  must  he 
at  least  two  substances.  Even  in  the  picsctit  state  of  our  kuowk -  Igc ,  any 
inequality  should  make  us  carefully  search  for  some  satisfactory  reason  for 
such  a  divergence  from  a  common  rule.  My  meaning  will  be  better 
understood  from  tlu'  foll(»\sini;  exauiples. 

If  a  little  of  the  colour  o(  Brazil-wood  be  added  to  the  solution  of  Alkanet- 
root,  the  bands  are  not  altered,  and  are  seen  at  4.|,  and  7^  ;  but  a 
little  bicarbonate  of  ammonia  developes  a  well-marked  band,  whose  centre  is 
at  5i,  and  therefore  at  an  interval  of  1,  instead  of  1^.  The  same  is  also 
well  seen  in  the  case  of  a  mixed  solution  of  Brazil-wood  and  blue  Lohduu 
I  therefore  argue  that  if  an  unknown  substance  gave  rise  to  similar  apeotii^ 
with  bands  at  unequal  intervals,  we  ought  strongly  to  suspect  that  it  was 
either  nstorallj  oompositet  or  that  some  new  compound  had  been  formed 
by  decomposition.  As  a  very  good  illustration  I  may  refer  to  the  prodnet 
of  the  action  of  acids  on  chlorophyll.  The  baud  in  the  red  is  not  at  an 
equal  interval ;  but,  on  careful  examination,  it  is  seen  to  be  made  np  of  two 
bande»  the  upper  of  which  is  at  an  equal  interval.  I  was  not  avrare  that 
these  were  due  to  two  different  substances,  but  was  led  to  think  it  Teiy  pro- 
bable ;  and  Professor  Stokes  informs  me  that  he  has  proved  it  to  be  the  cms. 
As  an  illustration  of  another  kind  of  exception,  I  refo  to  the  colooii^ 
matter  of  the  pink  Stock  (MaitlMa  mmna).  The  aqueous  solntioii  Aam 
two  bands,  whose  centres  are  at  about  3f  and  5} ;  and  on  adding  ammonia 
the  upper  Is  removed^  and  the  lower  depressed  to  3|.  In  spirit  of  viae 
they  are  at  4  and  5|,  and  ammonia  developes  a  third  at  3^  which  are  mU 
equal  intervals.  However,  if  absolute  alcohol  be  used,  the  bands  are  at  2|, 
4|,  and  5^,  which  are  egpud  intervals ;  and  thus  we  see  that  the  abnomal 
inequality  is  due  to  the  presence  of  water,  which  causes  Ihe  apeetmm  to 
be  as  if  due  to  a  mixture  of  two  colours,  when  in  reality  it  is  the  same 
colour  dissolved  in  two  solvents. 
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In  spectra  showing  one  sbsorption-lMaid,  there  is  yery  commonly  a  general 
absorption,  extending  from  it  towards  the  blue  end ;  whereas  it  so  seldom 
extends  towards  the  red  end  that  it  is  douhtAil  if  it  ever  oocors  m  sab* 
stanoes,  nndoubtedly  not  a  mixtnre  of  two  colours.  It  can,  howerer,  so 
easily  occur  in  mixed  colours,  that  any-  substance  giving  rise  to  sodi  a 
spectrum  is  probably  a  mixturo.  Many  illustrations  might  be  giTcn,  but  I 
wilt  select  Branl«wood,  and  the  same  artifidally  mixed  with  the  colour  of 
beet-root.   Adding  bicarbonate  of  ammonia  to  both,  we  have— 

# 

Brasil-wood  alone   4} — 5| . . .  7  • 

BrasiU wood  and  beet-root    3i . . .  4  j — 5|  8 

Here,  then,  the  shading  below  the  absorptbn-band  from  dj  to  4|  is  evidence 
of  the  second  colour,  and  if  such  a  mixtnre  had  occurred  naturally  its 
tnised  character  might  easily  have  been  overlooked.  I  have  found  many 
cases  similar  to  this,  and  had  proved  that  they  were  mixtures,  before  I  was 
aware  that  the  spectra  indicated  it.  If  these  very  common  facta  turn  out 
to  be  general  laws,  we  might  thus  detect  at  once  the  presence  of  as  many 
as  three  different  substances,  or  at  all  events  might  learn  what  further  ex* 
amination  was  desirable. 

16.  Su^pkUe  of  Soda, 

Sulphite  of  soda  is  a  most  valuable  reagent,  and  its  action  very  remark- 
able. It  enables  us  to  divide  colours  into  three  groups,  according  as  it 
produces  a  change  in  an  ammoniaca],  or  add  solution,  or  in  neither.  The 
action  is  related  in  a  very  simple  manner  to  the  spectra.  Having  added  an 
excess  of  ammonia,  there  may  be  a  well-marked  broad  absorption  over  more 
or  less  of  the  red,  orange,  yellow,  and  upper  green ;  and  above  this  a 
clear  transparent  space,  limited  by  a  variable  amount  of  absorption,  ex- 
tending downwards  from  the  extreme  blue.  Fig.  2  will  illustrate  my 
meaning.  In  the  case  of  one  group  of  colours,  the  addition  of  sulphifia  of 
soda  almost  immediately  removes  the  detached,  broad  absorption  in  the 
lower  part  of  the  spectrum,  but  leaves  that  at  the  blue  end  qute  unchanged, 
or  only  slightly  modified  by  the  aolution  being  made  more  alkaline.  If, 
then,  as  in  the  case  of  magenta,  there  is  no  absorption  at  the  blue  end, 
sulphite  of  soda  makes  the  solution  quite  colourless  ;  whereas  if  the  blues 
are  absorbed,  as  in  the  case  of  the  ammoniacal  solutions  of  the  colour  of  ri  d 
roses,  find  some  species  of  Dianthtts,  it  changes  the  colour  from  grctu  to 
yellow.  If  the  absorpliuu  extends  cuiuiuuouslj  down  from  the  extreme 
blue  to  the  orange,  as  often  happens  when  ammonia  is  added  to  yellow 
colours,  sulphite  of  soda  produces  no  change.  It  is  oidy  when  there  is  a 
mure  or  less  perfect  division  between  the  upper  and  lower  absorption,  that 
it  has  uiiy  effect ;  and  then  it  simply  and  entirely  removes  the  lower  absorp- 
tion. Some  colours  are  changed  iramediately,  even  when  a  very  small 
quantity  of  sulphite  is  added ;  but  others  require  more  and  change 
gradually,  though  still  very  soon. 
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16.  Groups  At  B,  and  C 

Cokrars  whieh  m  thus  altered  when  the  solution  is  ammonun],  eovtU 
tnte  my  group  A.  Frequently,  however,  ralphite  of  whU  does  not  reauve 
the  detached  absorption  when  excess  of  ammonia  is  present,  bol  does  ss 
when  there  is  an  excess  of  citric  add*  These  constitute  my  group  B.  At 
in  the  other  group,  any  absorption  which  extends  continuoudy  from 
extreme  blue  end  is  not  altered,  but  the  deta«died  abeorption  in  llie  green 
is  almost  immediately  removed ;  and  therefore  a  deep  pink  or  red  solntiflB 
may  at  once  become  quite  colourless,  or  only  a  Tciy  pale  ydlow ;  and  in 
many  cases  this  residual  cobur  is  doe  to  some  yellow  colonnng-macter 
mixed  with  the  other.  I  have  never  seen  a  colour  which  was  changed  by 
sulphite  when  alkaline^  and  not  when  add ;  and  thus  dtrie  acid  never 
restores  the  colour  when  it  is  added  to  the  dianged  ammoniacsl  aolotioo. 
Excess  of  ammonia  usually  restores  the  faded  add  solution  to  nearly  the 
original  colour,  and  it  b  therefore  not  a  case  of  actual  deeompoaitioiiy  bat 
merely  the  result  of  some  remarkable  molecular  change.  A  tbird  group  of 
colours  consists  of  those  which  are  not  almost  immediatdy  diaaged  by 
sulphite  of  soda,  when  either  alkaline  or  add ;  and  these  I  caD  group  C. 
Some  of  them  may  fade  on  keeping  several  hours,  and  some  do  not  Ms 
even  in  several  days,  but  they  cannot  thus  be  divided  into  two  definite  groups. 
When  thus  faded,  ammonia  does  not  restore  the  colour  ;  and  therefore  it 
is  evidently  the  effect  of  decoraposition,  and  not  like  the  mere  moIecuUi 
change  met  with  in  group  H. 

On  the  whole,  the  groups  A,  B,  and  C  are  remarkably  distinct.  There 
are,  iiideetl,  a  few  cases  where  the  change  takes  place  somewhat  slowly; 
and  a  few  scarlet  colours  do  not  show  very  distinctly  the  characteristic  pe- 
culiarities of  either  B  or  C ;  but  there  are  other  very  strong  reasons  for 
believing  that  some  of  these  are  really  mixtures  of  diflTerent  groups.  Even 
if  it  should  be  found  that  perfectly  simple  colouring-matters  nin)  have,  a? 
it  were,  intermediate  characters,  such  apj>iur  to  be  so  rare  that  practicallr 
they  may  he  classed  with  mixtures,  until  some  reason  be  found  for  classizig 
them  together  as  exceptions. 

These  reactions  of  sul])liitc  of  soda  are  so  much  interfere  !  with  hv  th? 
presence  of  alcohol,  that  it  should  never  be  employed  as  a  >c)lveiit,  miU-ss 
the  substance  is  insohihle  in  water  ;  and  then  it  should  he  dilutecl  as  much 
as  possible,  since  the  ordinary  spirit  of  wine  with  an  equal  quantity  of 
water  is  the  extreme  strength  admissihlc,  and  even  that  very  much  delays 
the  reaction.  The  effect  of  various  other  reagents  is  also  sometimes  veiy 
different,  according  to  the  nature  of  the  solvent. 

The  three  groups  A,  B,  and  C  differ  in  other  particulars.  It  ia  easy 
to  change  A  or  B  into  C  by  various  reagents  which  produce  decomposi- 
tion, but  I  do  not  know  a  case  where  C  can  be  changed  into  A  or  B.  Caustic 
alkalies  usually  soon  decompose  colours  belonging  to  group  A,  when  dis- 
solved in  water,  but  act  slowly  on  those  of  groups  B  and  C.  Usually  { 
cokmrs  of  group  C  are  &r  more  permanent  than  those  of  groups  A  and  B, 

i 
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and  to  it  belong  most  of  the  vegetable  colours  u^ed  iu  djemg,  and  nearly 
•11  yellows. 

1 7.  Oiher  U'-ayenU. 

Boraeie  Aeid.—The  chief  yalue  of  this  reagent  is  that  it  gives  nearly 
the  same  spectrum  as  that  of  a  neutral  solution  when  added  after  the 
addition  of  a  slight  excess  of  ammonia.  It  should  therefore  be  well  fused 
in  a  platinum  cmdble  and  reci7Stallixed>  so  as  to  be  quite  free  from  any 
stronger  add. 

Sulphate  of  Iron. — Sulphate  of  the  protoxide  of  iron  is  diiefly  useful  as 
a  deoxidizing  agent,  in  the  case  of  blood  and  a  few  analogous  substances^ 
taking  care  to  have  citric  add  present  to  prevent  the  prectpitatbn  of  the 
oxide  by  ammonia 

Alum. — ^Alum  has  a  remarkable  influence  on  some  colours^  and  it  has 
the  property  of  gradually  restoring  many  after  they  have  passed  into  the 
faded  modification.  Many  colours  also  may  be  kept  for  a  long  time  dis- 
solved in  a  strong  solution,  sealed  up  in  tubes  $  and  it  is  occasionally  an 
excellent  solvent  for  substances  insoluble  in  either  water  or  alcohol.  The 
chief  objection  to  it  as  a  reagent  is  that  the  spectra  are  so  much  influenced 
by  the  presence  of  ammonisy  even  when  neutralized  by  an  add,  that  it  is 
almost  impossible  to  compare  together  different  substances  under  exactly 
the  same  conditions. 

Iodine  and  Bromine. — ^Iodine  dissolved  in  alcohol,  and  bromine  in  water, 
are  useful  in  producing  decompositions,  which  may  differ  very  considerably 
in  colours  which  are  otherwise  very  similar;  as,  for  example,  the  yellow 
colouring-matters  of  the  root  of  rhubarb  and  of  turmeric.  The  iodba  or 
hronune  should  be  added  in  suffident  quantity,  and  then  ammonia  vsed  to 
remove  the  excess,  and  thus  avoid  the  effect  of  their  own  colour.  The 
sdution  may  then  be  made  add  with  dtric  acid,  and  should  in  both  cases 
be  compared  with  another  tube  to  which  no  iodine  or  bromine  has  been 
added. 

Hypochlorite  of  Soda. — This  reagent,  with  or  without  the  addition  of 

dtric  acid,  is  sometimes  useful,  as  for  instance  in  detecting  the  adulteration 
of  rhubarb  with  turmeric  j  but  generally  its  action  is  too  powerful  and  too 
uniform. 

Permanyanate  of  Potash. — This  also  usually  acts  Loo  powerfully  on 
colouring-matters.  The  excess  can  easily  be  removed  bj  sulphite  of  soda, 
which  makes  an  alkaline  solution  pale  yellow,  but  an  acid  solution  quite 
colourless. 

18.  Grouping  of  Colours. 

Having  now  considered  some  of  the  chief  peculiarities  of  the  most  useftd 
reagents,  I  proceed  to  describe  what  appears  to  me  to  be  the  most  con- 
venient method  of  dividing  colouring-matters  into  groups  and  subgroups^ 
10  as  to  enable  us  to  ascertain  the  nature  of  any  particular  substance  under 

•  See  StoWs  Paper,  Frooeed.  Boy.  See.  vol  xiti.  (1864)  p.  355. 
VOL.  XV.  2  P 
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examination.  The  number  of  distinct  coloured  coiupounds  met  with  ii 
different  plants  is  so  great,  that  some  such  classification  is  imperatiTe  \h 
the  first  place,  we  cannot  do  better  than  dinde  them  according  as  thev  are 
soluble  in  water  or  alcohol.  This  may  be  looked  upou  as  a  cheimcal  din- 
siou,  and  IS  very  useful  in  practice.    Thus — 

Soluble  in  mtw  and  not  precipitated  bj  alcolwl .  •  • » Difuion  1 . 

Soluble  in  water  and  precipitated  by  alcohol    «  2. 

Insoluble  in  water  but  aoluble  in  alcohol   «  3, 

LuolaUe  both  in  water  and  alcohol  •  • .  •      «*  4. 

Of  course  cases  occur  which  cannot  be  unhesitatingly  classed  witli  ai  y  one 
of  these ;  but  they  oflen  form  good  practical  divisions,  and  necessanij 
modify  the  methods  requisite  for  further  examination. 

19.  Method  and  Order  o/ExperimmU, 

If  a  eoloinr  bdoagt  to  diTiatoQ  1«  a  ibmII  quantity,  sufident  ftr  duee 
«r  ibur  eiperimenta,  afaouM  be  expoied  to  the  fapoor  of  aimnonii  in  a 
watch-glasa,  nntil  there  »  certainly  no  long^  any  JYet  aad^  and  4hi 
gently  evaporated,  ao  that  all  ezeeaa  of  ammonia  may  be  loit.  If  not 
made  nentnl  we  might  be  entirely  mi4ed ;  for  some  pink  ooloiiniare  bkM 
reddened  by  an  add.  A  small  qnantity  should  then  bo  dissolved  in  wata 
in  one  of  the  small  experimeat^ubes  and  the  speeCmm  observed.  If  too 
little  colour  has  been  added  to  give  the  characteristic  spectraasy  nose 
fhould  be  introduced ;  but  if  any  part  is  entirely  absorbed,  the  cell  sHieald 
be  tamed  sideways,  in  order  to  see  whether  or  no  some  narrow  slmorption- 
band  occurs  there  \  and  then  it  may  be  desirable  to  remore  aomc  of  the 
solution,  and  fill  up  the  cell  with  water.  As  a  general  rule,  so  much  coloor 
should  be  added  as  tt>  make  the  darkest  part  of  the  spectrum  deddediy 
shaded,  but  yet  not  so  black  as  to  hide  any  narrow  bands ;  and  if  any 
occur,  the  solution  should  be  made  of  such  a  strength  as  to  show  them  id 
the  greatest  advantage.  This  can  easily  be  done,  after  a  little  practice, 
and  is  made  much  easier  by  bt  inp;  able  to  turn  the  tubes  sideways.  Having 
noted  the  spectrum  of  the  neutral  solution,  a  very  small  quantity  of  am- 
monia should  be  added,  and  then  a  tli  cicled  excess,  the  spectra  being 
examined  to  see  if  there  be  any  difference  ;  for  this  is  tctv  often  the  cn-e 
and  very  important  facts  may  be  overlooked  if  too  p:rrat  an  excess  be  athlrii 
at  first.  The  addition  ol  a  small  bit  of  snlphite  oi  soda  then  show^  at 
once  whether  or  no  a  colour  belongine  to  group  A  is  present ;  and  00 
adding  excess  of  citric  acid  we  may  also  determine  whether  it  chiefly 
belongs  to  p:roups  B  or  C.  Ammonia  sliould  then  be  added  in  excess, 
which  may  or  may  not  restore  it  to  the  tame  state  as  before  the  addition 
of  the  acid.  To  another  portion  of  colour  carbonate  of  soda  should  ht 
added,  and  then  excess  of  citric  acid,  lu  tli  spectra  being  carefully  observed  ; 
and  finally  sulplntf  of  sodn,  which  dttinitch  shows  whether  or  no  there 
it  AUT  other  colour  than  one  belonging  to  group  C*  Combining  the  resolti 
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of  the  two  sets  of  pxperiment  s,  we  mny  decide  whether  it  belongs  to  groups 
A,  B,  or  C,  or  is  a  mixture  of  anv  of  them,  li  the  subbtance  is  insoluble 
in  watff  but  soluble  in  alcohol,  the  same  experiments  should  be  made,  only 
we  must  add  the  colour  dissolved  in  alcohol  to  as  much  water  as  can  be  used 
■without  making  the  solution  turbid,  and  must  remember  how  rmu  h  the 
presence  of  ah'ohol  may  interfere  with  the  action  of  some  of  the  reagents. 

Another  portion  of  the  neutral  colour  should  then  be  dissolved  in  as 
strong  alcohol  as  will  give  a  clear  solution,  nnd  ammonia,  benzoic  ncid,  a 
little  citric  acid,  and  much  of  it  added  one  after  the  other;  nnd  the 
spectra  carefully  ol>serTed,  as  well  as  aoy  other  facts  wliich  may  present 
themselves. 

By  thus  using  three  separate  quantities  of  colour,  and  adding  reagents 
one  afler  the  other,  we  may  obtain  about  a  dozen  spectra,  which  may  differ 
from  one  another  in  important  particulars,  or  in  some  few  cases  may  be  all 
•like.  The  experiments  are  so  easily  made,  that  the  whole  series  of  twelve 
spectra  may  be  seen  in  the  space  of  five  minutes ;  and  the  total  quantity  of 
material  need  not  in  some  cases  be  more  than  of  a  g;rain.  The  facts 
thus  learned  may  show  that  for  particular  practical  purposes  some  different 
method  could  be  employed  with  advantage,  and  that  only  one  or  two  simple 
experiments  are  needed.  For  example,  suspected  blood-stains  should  be 
treated  in  an  entirely  different  manner,  as  described  in  my  Paper  on  that 
subject  * ;  and  in  examining  dark-coloured  wines,  in  order  to  form  some 
opinion  of  their  age  from  the  relative  quantity  of  the  colour  belonging  to 
group  C,  gradually  formed  by  the  alteration  of  the  original  colouring- 
matter  of  the  grape  belonging  to  group  B,  it  is  only  requisite  to  observe 
the  effect  of  sulphite  of  soda  after  the  addition  of  citric  acid.  It  would, 
however,  extend  this  Paper  beyond  the  Hmits  I  have  prescribed  to  myself, 
if  1  were  to  enter  into  practical  applications,  and  I  shall  therefore  merely 
give  a  description  of  a  convement  method  of  grouping  the  Yarious  ooloun* 

20.  Subgroups. 

Since  the  narrow  absorption-bands  are  decidedly  the  most  important 
means  of  identification,  it  appears  to  me  that  we  cannot  do  better  than 
adopt  subdivisions  founded  on  their  number.  We  may  thus  divide  each 
group  A,  B,  and  C  into  subgroups,  in  which  the  neutral  aqueous  sola* 
tions  exhibit  0,  1,  2,  3,  &c.  decided  absorption-bands.  Sometimes  one  of 
them  may  be  so  obscure  that  we  may  hesitate  whether  it  should  be  counted 
m  not ;  but  practically  this  is  no  very  serious  objection,  if  we  decide  to 
reckon  only  distinct  bands,  and  to  look  on  the  fainter  as  important  merely 
in  identifying  individual  colours.  If  no  absorption-band  can  be  seen  in 
the  neutral  solution,  we  may  take  into  account  those  seen  when  more  or 
less  ammonia  is  added ;  and  if  none  occur  in  either  case,  we  may  mal^e  use 
of  those  seen  in  the  alcoholic  solution  when  nential,  and  after  the  addition 
of  ammonia.  Whenever  in  this  ofder  of  experiment!  tlwi  aobtioii  gives 

*  Quarterly  Journal  of  Soienoe,  roL  ii  p.  205. 
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any  decided  absorption-band  the  subgroup  is  detemuiied ;  and  it  is  only 
when  none  has  been  produced  that  the  process  must  be  carried  further. 

The  general  coiiuexiou  of  the  subgroups  will  be  best  seen  from  the 
foUowiug  Table  : —  f  anig 


1,  A  ^  ay, 


'0 

am,,  &c. 


The  same  system  is  applicable  to  each  di?iaion,  1,  2,  and  3,  and  to 
group  A»  B«  and  0.  We  can  easily  express  the  snbgroups  by  Qnng  one 
or  more  of  the  signs  aq,  am^  al,  am,  with  a  figure  to  indicate  the  tramber 
of  bauds  in  the  first  term  that  contains  any ;  those  before  it  being  given  to 
show  the  facts  more  clearly. 

Each  colour  can  be  indicated  by  writing  after  the  subgroup  the  cfaarae- 
teristic  spectrum,  or,  for  the  sake  of  simplicity,  merely  the  podtion  of  the 
eeniret  of  the  bands,  when  they  are  seen  as  independent  as  possible  ot 
general  absorption.  If  the  centres  of  the  hands  are  in  different  poatioiis 
the  colours  cannot  be  the  same;  but  if  they  agree  it  does  not  neoenarily 
follow  that  they  are  the  same.  It  is  probable,  but  must  be  further  proved 
by  the  correspondence  of  other  spectra.  As  examples  I  give  a  few  wdl- 
marked  cases. 

Purple  Pansy   I,  A,  aq^am^  (4). 

Crimson  Rose  1,  A,      om„  al^  am^  (2j). 

Blue  Lobelia  {L.  speeiota)  1,  B,  ay,  41). 

Pink  Stock  (Matthiola  annua)  1,  B,  ay,  (.S|,  5|). 

fJpvfTfil  blue  species  of  Campanula  I,  B,  a(/^  (if,  4,  7i). 

Brazil- wood  (Ctesa/pinia  rrtxfa)  1,  C,  aq^ 

hogviood  {  H  fern  a  tojt/hnn  canipcckianum)  I,  C,  ay,  (4g). 
Sandalwood  (Fterocarpus  santalinus)    .  .3,  C,  aq^  (6,  7|). 
Alkanet-root  {Anchusa  tinctoria)   3,  C,  aj,  (4^,  5|,  7^). 

21.  Individual  Cohurt, 

Having  then  ascertained  to  which  subgroup  any  particular  colour  he* 
longa,  it  is  in  the  next  place  requisite  to  determine  what  particular  sub- 
stance it  is.  When  it  gives  rise  to  well-marked  absorption-bands,  this  may 
be  more  or  less  definitely  decided  by  their  exact  position  and  character; 
since  they  may  of  course  occur  in  different  situations,  or  vary  much  in  ab- 
solute and  relative  breadth  and  in  intensity.  Thus,  choosing  doaelj  re- 
lated spectra,  we  have^  for  example, — 

1»  B,  aq^  m  * 

Blw  LobeUa  tpeeioM   3f .  3^'— 4|  11... 

Pink  ifn^^to/a  ofifitMi   2|— 4|...4||"-5i...8    10.. Il- 

ly C,  aq^  « 

liOgwood  {S^maiatfflum  ean^peektoHum)  . . .  7—8 — 

« 

hx&iil-viiiod  {Caiolpinia  crista)    4} — 5|..7— 8 — 
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Such  spectra  are  at  once  seen  to  differ  most  decidedly  when  compared  side 
by  side ,  and  that  the  colouring- matters  are  entirely  different  is  proved  by 
other  facts.  If  the  absorption-bands  agree  vi  ry  closely,  we  ought  to  com- 
pare other  specLia  before  concluding  tiiat  the  gubistanees  are  the  same. 

22.  Mixed  Colours. 

Of  course,  if  any  impurity  is  present  which  absorbs  that  part  of  the 
spectrum  where  the  characteristic  bands  occur,  it  may  be  difficult,  or  even 
impouible,  to  determine  the  nature  of  the  substance ;  hut  the  rest  of  the 
spectrum  may  be  obscured,  and  the  general  colour  entirely  cbaDgedj  without 
the  least  difficulty  being  thereby  produced.  Thus,  for  example,  on  adding 
a  solution  of  Saffron  (Crocus  eatitma)  to  that  of  the  blue  Lobelia,  the 
colour  18  changed  from  blue  to  a  curious  olive,  and  the  spectrum  be- 
oome^^ 

»  # 

£o6e^ta  and  bafirou   24-~3|...3|— 4|  6i..7  

Lobdia   2|— 3|...3j— 4g  11... 

Ditiereuce    6| . .  7- — 

If  we  did  not  know  it,  we  might  thus  infer  that  they  were  the  same  sub- 
stance, and  only  differed  because  one  contained  a  yellow  colour ;  and  this 
ooQclusion  would  be  borne  out  by  adding  to  each  citric  add  and  sulphite  of 
soda,  which  make  the  Lobelia  colourless,  and  leave  the  residual  yellow 
colour,  6i . .  7' — I  in  the  case  of  the  mixture.  The  petals  of  very  many 
flowers  do  really  contain  more  or  less  of  such  a  yellow,  which  appears  to 
be  that  developed  to  a  much  greater  extent  in  the  8tamens>  &c. ;  and 
though  this  often  modifies  the  general  colour  and  the  spectra,  its  presence 
may  be  recognized  in  a  similar  manner.  Different  species  of  DiantkuM, 
various  kinds  of  Boses,  and  Diffitalie  purpurea  are  good  examples  of  one 
general  colouring-matter  modified  in  this  manner.  Its  normal  charac- 
ter is 

* 

I,  A,      oai,  a/«  am^  (1|  —  2|...4|    11  • .). 

In  studying  mixed  colours,  so  much  depends  on  their  special  characters, 
tbat  it  would  be  difficult  to  give  any  other  general  rules  i  and  particular 
eases  do  not  form  part  of  the  plan  of  the  present  paper. 

23,  Speeira  wiih  no  BaiuU. 

The  pnndpal  difficulty  to  be  contended  with  in  this  method  of  qusfiCa* 
tive  analysis,  is  in  the  case  of  the  subgroups  where  no  decided  absorption- 
bands  can  be  developed  by  any  of  the  reagents.  They  can  be  easily 
divided  into  the  groups  A,  B,  and  C,  but  the  difficulty  is  to  distinguish  the 
separate  colours,  if  we  are  not  sure  that  they  are  pure  and  simple.  Some- 
times special  facts  may  be  of  use;  but,  as  a  general  rule,  we  are  compelled 
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to  htLi9  recourse  to  the  position  and  duiraeter  of  the  general  absorption.  Thif 
requires  t  good  deal  of  care,  since  a  difference  in  the  state  of  the  solatiaa 
may  make  the  aime  cobur  diffisr  more  than  two  quite  distmct  edom. 
After  trying  a  number  of  experiments,  I  find  that  the  beat  apeetra  fiur  cofli- 
jmrison  are  those  obtained  by  adding  first  a  moderate  excess  of  carbonate 
of  soda»  and  then  a  considerable  excess  of  citric  acid.  Both  of  theae  ada- 
tiona  change  very  slowly,  and  give  well-marked  spectra ;  whereas  ammoiiia 
often  caiuei  decomposition,  and  weaker  alkalies  or  acids  give  much  more 
laint  spectra,  or  such  as  rapidly  fade.  Closely  lehited  cobnrs  ahould  be 
compared  together,  and  made  as  nearly  equal  as  possible  after  the  addition 
of  the  carbonate,  and  then  citric  add  added  in  considerable^  and  nearly 
eqnal,  excess.  We  thus  can  compare  two  different  spectra ;  and  even  if 
the  position  of  the  absorption  is  the  same  in  both  cases,  the  relative  inten- 
aty  may  vary  considerably.  Very  closely  allied  colours  may  often  be 
easily  distinguished  in  this  manner,  and  the  only  great  difficult  is  when 
coloured  impurities  are  present.  As  an  example^  I  give  aome  colours  be> 
longing  to  subgroup  1^  B,  a^^tun^id^am^. 

Carbonate  of  soda.  Citric  acid. 

Petals  of  Wallflower  (CA«- 1  oi        ^       qaia  oa  ^ 

ranikut  O^mri)  j^i""^      8 . .  9- 10-      3| , 7 

Darkgrapes   2j  5}. .9   10. .11—      4|  9} 

Fruit  of  Elder  (Sam-\^,      son  ^^i  ax 

The  first  differs  entirely  from  the  latter  two,  but  they  are  so  similar  that  it 
requires  great  care  to  be  sure  that  they  differ  essentially.  If  it  were  quite 
certain  that  such  colours  were  pure,  it  would  not  be  difficult  to  distinguish 
them  with  confidence;  but  since  they  may  contain  coloured  impurities 
we  must  occasionally  be  content  with  results  somewhat  doubtful  in  ques- 
tions of  minute  detail,  which  might  not  he  of  the  least  importanfle  in  some 
practical  iuTestigations. 


24.  reUom  CoUmn, 

One  of  the  best  general  methods  of  distinguishing  yelloir  eoknuB  be» 
longing  to  subgroup  C,  ag,  am^  al^  am^,  or  those  vrith  bands  wUdi  ara 
ranch  allke^  u  to  make  them  as  nearly  as  possible  of  the  sane  tint  whn 
neutral,  and  then  to  add  excess  of  ammonia,  which  may  make  them  feiy 
unequal.  For  example- 
Neutral.  Ammonia. 
Yellow  Dahlia  (D.  rart«W»)    R..9-10—     3  4-.4i— 

Yellow  Calceolaria  ( C.  aurea-Jhnbumia)  /  .  9  1 1—  6]  . .  6|-7— 
Saffron  (Cfoeut Mfieift)    7...8  — 11—     7..8— 11— 

The  action  of  ammonia  thus  shows  that  thij  differ  fery  modi,  but  at  the 
same  time  tiw  Cakeolaria  might  be  a  mixture  of  the  other  two,  and  tins 
would  have  to  be  decided  by  other  facts. 
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25.  Fading  of  Oroup  C. 
Sometimes  in  examining  colours  of  group  C,  advantage  may  be  taken  of 
the  different  rate  at  wliicli  their  acid  solutions  decompof^e  and  fade,  ^vhen 
a  considerable  quantity  of  sulphite  of  soda  has  been  added  to  an  acid  solu- 
tion. The  two  solutions  should  be  made  as  nearly  equal  as  possible  in  all 
respects,  and  then  the  rate  of  fading  may  prove  that  they  are  very  dilVeretit, 
or  may  show  that  one  is  a  ndxture.  After  fading,  the  addition  of  excess 
of  ammonia  may  show  valuable  facts.  For  example,  the  colour  of  the  root 
of  the  red  beet  (Beta  vulgin  is)  is  pink,  but  that  of  the  leaves  is  red,  the 
spectrum  differing  from  that  of  the  root  merely  in  having  the  blue  end 
Biuch  absorbed.  On  keepinc:  acid  solutions  of  both  to  which  sulphite  of 
soda  has  been  added,  that  of  tlie  root  becomes  colourless,  and  that  of  the 
leaves  yellow;  and  thus,  considering  that  acid  solutions  of  colours  be- 
longing to  group  C  nre  vcrv  rarclv  pink,  it  is  almost  certain  that  the 
colour  of  the  leaves  is  the  same  as  that  of  the  root,  but  modified  bjT  the 
yellow  colour  so  commoa  in  leaves. 

26.  CbneiMioii. 

Sndi,  then,  is  a  genenl  ootUne  of  the  metliod  whkh  I  km  lutberto  foand 
the  most  oonTenieiit  in  itudying  different  oolonriDg-mattefs,  and  for  de- 
termining to  what  individual  species  any  particolar  colour  may  belong.  I 
need  hardly  say  that  it  is  just  the  sort  of  qualitative  analysis  to  employ 
in  detecting  adulterations  in  many  snbstances  met  with  in  commerce,  as  well 
as  in  inquiries  where  very  small  qiumtities  of  material  are  at  command. 
By  this  method  we  might  be  able  in  a  few  minutes  to  form  a  very  satisfac- 
tory opinion,  or  at  least  one  that  might  meet  all  practical  reciuirements,  and 
even  under  unfavourable  circumstances  we  might  narrow  the  inquiry  to  a 
surprising  extent ;  and  if  this  can  be  said  even  now,  surely  further  research 
canuut  full  tu  make  it  most  useful  in  cases  where  ordinary  chemical 
uaalysis  would  be  of  little  or  no  usu. 

The  Society  then  adjourned  over  the  Easter  rece^>s  to  Thursday,  May  2. 

May  2, 1867. 
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A  letter  from  the  Foreign  Odicc,  addressed  to  the  President,  waa  Tt^, 
communicatiDg  the  following  paragraph  from  the  *  Moniteur,'  transmuted 
by  H.  M.  Ambaasador  at  Paris : — 

««L*finpeieari  dans  la  idlicltude  poar  tmit  ce  qui  int^rane  la  maem 
et  1m  relations  commercialeab  d  d^dd^ 

ing^iikani  bydrographaa  iciaient  envoj^  lor  difiiiieDto  pdnta  da  globe, 
dana  la  but  de  determiner  fiar  daa  obaerratioiiB  astioiMmikiaaa  aa  eeitHi 
nombre  de  m^ridieiia  fbodamentaiiz  qm  aerTiroiit  i  aiainer  la  poaUsa 

geographique  dea  lieux  intenn^diairea. 

"  Ce  travail  impoftant  permettra  de  corriger  la  Table  dea  latatodea  el 

longitudes  ins^r^  dans  la  ConnaUaanee  des  tempts  et  dont  lea  erreurs  out 

etc  signal^s  dans  un  rapport  addresse  au  miuistre  de  rinstruction  pub> 
lique  par  le  president  du  Bureau  des  longitudes." 

The  ibUowing  oommanteatioiia  were  lead : — 
I.    Optica  of  Fbotograpby. — On  a  Self-acting  Focoa^Eqnaliaer,  cr 
tbe  mcana  of  produemg  the  Differential  Movement  of  the  two 
Lenses  of  a  Photographic  Optical  Combination,  which  ta  capable, 

during  the  exposure,  of  bringing  consecutively  all  the  Planes 
of  a  Solid  Figure  into  Focus,  without  altering  the  size  ot  the 
vaii'jus  images  superposed.''  By  A.  Claudkt^  F.E.S.  Re- 
ceived AprU  8,  1867. 

When  a  solid  figure  is  brought  too  near  the  object-g^aas  of  a  cameia 
obflcara,  the  difference  of  focus  for  its  various  planes  is  comparatiT^y  aa 
great,  that  it  is  impossible  that  all  the  imagea  ahoold  be  eqaally  ndl  da- 
fined*  Hence,  in  the  case  of  photographic  portiaitnret  there  ia  a  want  of 
harmony  in  the  representation  of  the  Tarions  parte ;  some  are  too  aharply 
ddineated,  and  some  others  are  confused  in  proportion  as  they  are  mofe 
and  more  distant  from  the  plane  in  focus.  Bnt  there  is  another  defect  which 
b  the  consequence  of  the  difference  of  distance  of  the  vaitaa  pknca  beaiw 
ing  too  great  a  proportion  to  the  distance  of  the  whol^  which  ia  that 
the  nearest  parts  of  the  figure  are  too  much  enlarged*  and  the  forthcst  too 
mnch  reduced* 

In  a  paper  I  read  at  the  British  Association  at  Nottingham  in  1866, 1 
proposed  a  plan  to  obviate  these  delects,  which  consisted  in  bringing  all 
the  planes  consecatively  into  focu^  by  moving*  during  the  espoenre^  the 
tube  of  the  lens  or  the  back  frame  of  the  camera  $  the  consequence  of  wliidi 
wai^  of  course,  that  the  planea  were  also  daring  that  movement  bnmglit 
out  of  focus ;  so  that  a  sharp  hnage  of  every  plane  was  impressed  upon 
a  confused  image;  but  they  were  all  in  the  same  degree  in  that  mixed 
state,  and  the  result  waa  an  equality  of  effect  prodndng  harmony  in  the 
whole^  and  that  kind  of  softness  in  the  picture  so  much  approved  by 
artists,  aa  resembling*  more  than  the  sharpest  photographs*  the  tSftX  that 
'  they  aim  at  producing. 
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Tiie  original  simple  idea  of  equalizing  the  focus  of  the  various  planes  by 
moving  cither  the  frame  liolding  the  plate,  or  the  tube  of  the  lens,  during 
the  expoburc  had,  it  appears,  uciiirred  to  several  persons  engaged  in  photo- 
graphic pursuits  (of  which  I  was  not  aware  before  reading  my  paper) ;  but 
it  is  certain  that  the  plan  had  never  been  practically  and  generally  adopted, 
and  that,  at  all  events,  no  Bpecimens  of  the  process  had  at  any  Liiue  been 
exhibited  in  publu,  probably  because  it  presented  several  difficulties  which 
could  not  be  easily  overcome.  The  greatest  of  these  difficulties  I  soon 
found  during  my  investigations,  which  was  that,  in  changing  the  focal 
diatances  merely  by  moving  tlie  frame  or  the  tube,  the  size  of  the  various 
superposed  images  was  unavoidalily  reduced  or  increased  according  to  the 
alteration  of  focus  during  the  rnovcnit  nt  applied. 

Therefore  I  turned  my  attention  to  the  means  which  might  be  found 
capable  of  avoiding  this  defect,  anti  a  furtunate  idea  presented  itself,  by 
which  I  found  that  it  was  possible  to  preserve  the  size  of  the  varutius 
images  during  the  adaptation  of  the  focus  to  the  different  plants  of  the 
figure. 

The  desideratum  was,  wlicn  ehniigiug  the  foctip,  to  increase  the  }:)Ower  of 
the  double  lens  for  the  planes  the  most  distant  and  to  reduce  it  for  the 
nearest  planes.  At  first  this  seemed  to  be  an  impossibility.  But  in  con-* 
gidering  the  subject  attentively,  I  was  suddenly  struck  with  the  fact  that 
the  power  of  any  double  combination  of  lenses  being  proportionate  to  the 
distance  which  separates  the  two  lenses  greater  when  they  are  more  sepa- 
rated, and  smaller  when  they  are  less  separated,  it  was  possible  to  alter  the 
power  of  the  combination  by  changing  the  distance  between  the  two  lenses. 
'  Therefore,  if,  instead  of  moving  the  whole  tube  containing  the  two  lenses, 
we  move  only  the  back  lens  nearer  the  plate,  when  we  want  to  focus  for 
more  distant  planei^  we  increase  at  the  same  time  the  power  of  the  double 
combination,  and  consequently  the  nse  of  the  image ;  and  if  we  move  the 
lens  further  from  the  plate»  when  we  want  to  focus  for  the  nearest  planes^ 
in  doing  so,  by  reducing  the  separation  of  the  two  lenses,  we  reduce  the 
power  of  the  combination,  and  consequently  also  the  sise  of  the  image. 
This  is  a  most  fortunate  property ;  for  by  this  means  it  is  possible  not  only 
to  equalize  the  definition  of  the  Tarioiis  planes,  but  at  the  same  time  to 
equi^iae  the  size  of  their  images,  andcouseqnently  to  avoid  the  exaggeration 
of  perspectiTe  by  which  the  nearest  planes  are  increased,  and  the  furthest 
disproportionately  redoced,  a  defect  which  is  so  detrimental  to  the  ap* 
pearance  of  large  photographs. 

I  submitted  my  plan  to  M.  Yoigtlander,  the  celebrated  optieiao^  and  I 
had  the  satisfaction  to  meet  with  his  entire  approbation.  He  found  that 
I  had  solved  the  problem  in  a  way  which  was  perfectly  correct  and  snf- 
fieient  in  practice.  But  wishing  to  investigate  the  qnestioB  from  a  higher 
mathematical  point  of  view,  and  being  unable  from  indieposition  to  go 
himself  into  the  snbject,  he  charged  his  step-son,  Dr.  Sommer,  Proiessor  of 
Mathematics  at  the  Garolhuan  College  of  Bntnswiek,  well  versed  in  all  th^ 
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questions  of  optical  photography,  to  calculate  the  result  of  the  gradual 
increase  and  reduction  of  the  power  of  the  double  combination^  la  con- 
junction with  the  alteration  of  focus.  Dr.  Sominer  entered  thorouL:hly 
into  the  subject,  and  soon  sent  me  a  series  of  elaborate  formulae,  showiui; 
that,  although  for  all  })ractical  purposes  in  photography  the  movement  of 
one  of  the  two  louses,  as  I  had  proposed,  fulfilled  the  object  I  liad  in  view, 
still  he  found  that  a  more  scientific  consideration  of  the  subject  called 
for  a  modification  in  my  plan  ;  which  was  that,  instead  of  moving  only  one 
of  the  lenses,  the  same  degree  of  their  separntion  should  be  imparted  bv 
moving  the  two  lenses  in  contrary  directions  from  the  fixed  centre  of  the 
OOmbinAtioD,  and  in  different  proportions,  according  to  the  distance  of  the 
object.  These  differential  proportions  were  iodicated  in  «  table  rf^i*"^**^ 
by  Dr.  &)mmer  which  he  sent  me. 

This  presented  another  difficult  and  unexpected  problem,  the  solution 
of  which  was  indeed  most  perplexing.  But  I  did  not  like  that  it  should  be 
said  that  my  plan  was  not  completely  in  accordance  with  the  mathematical 
laws  of  optics ;  and  I  set  to  work  at  finding  a  mechanical  means  bj  wbidi  X 
rould  ATsil  myself  of  the  scientific  calculations  of  Dr.  Sommer. 

I  have  found  such  means ;  and  it  turns  out  indeed  that  by  my  medianical 
construction  the  differential  movement  can  be  effected,  not  only  as  readilj 
and  easily,  but  with  a  greater  command  and  steadiness  than  by  nofing 
only  one  lens.   The  foUowiog  it  a  description  of  the  arnngement ' 

Deter^pHom  of  ike  Foetu-FpudUer, 

The  tube,  containing  at  each  end  the  lenses  A  and  B,  is  divided  into 
two  parts,  sliding  in  the  principal  tube  SSSS  fixed  in  the  ^nt  of  the 

camera  at  V  V. 

Each  tube  has  a  strong  pin,  L  and  L'.  These  two  pins  are  intendtti  to  push 
the  tubes  to  mid  fro  from  the  centre  of  the  combination  on  the  line  P  P' 
by  means  of  the  nicchanlcal  piece  N  N' N"  in  the  shape  of  a  sextant, 
having  two  slits,  M  M  and  M'  M',  cut  at  an  angle  of  36°.  Now  the  sextant, 
being  mounted  on  a  sliding  bar  qq\  fixed  in  a  socket  holding  to  the  tube 
SSSS  at  PP',  can  be  made  to  move  to  and  fro  on  the  line  P  P  by  means 
of  a  rack  and  phiion  moved  by  a  handle  V  on  the  axis  K.  While  the 
sextant  moves  in  the  line  P  P',  the  two  slits  will  act  on  the  two  pins,  and 
gradually  increase  the  separation  of  the  tubes  ;  and  ou  making  the  sextant 
move  back  from  P'  to  P,  the  slits  will  bring  the  two  pins  nearer  each  others 
and  decrease  the  separation  of  the  tubes. 

It  will  thus  be  easily  understood  how  we  can  increase  and  reduce  the 
separation  of  the  two  lenses  from  the  centre  of  the  combination  ;  but 
we  have  now  to  explain  how  we  can  produce  the  differential  moremenl 
according  to  the  mathematical  formulse  calculated  by  Dr.  Somnier. 

The  arc  of  the  sextant  is  divided  into  100  parts,  in  two  rows  one  against 
the  other.   The  divisions  on  the  outer  limb  haTe  their  zero  on  the  kft» 
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and  the  100  division  on  the  right ;  on  the  inside  limb  the  divisions  are  in 
a  contrary  direction. 


By  means  of  the  endless  screw  X  acting  on  the  toothed  edge  of  the 
sextant,  it  can  be  moved  on  its  horizontal  axis,  so  that  any  of  its  divisions 
may  be  brought  under  the  index  fixed  on  the  middle  bar  q  q'. 

Now,  supposing  that  by  the  table  of  Dr.  Sommer  the  lens  A  fur  a 
certain  distance  of  the  object  should  move  0*235,  and  the  lens  B  0*765  of 
the  whole  space  by  which  the  lenses  require  to  be  separated  or  approxi- 
mated, we  turn  the  endless  screw  until  the  index  is  on  the  23 ^  division  of 
the  inside  scale,  and  of  course  on  the  76^  division  of  the  outside  scale. 

In  that  position  of  the  sextant  the  slits  M  M  and  M'  M',  by  means  of  the 
pins  attached  to  the  tubes  of  the  lens  A  and  of  the  lens  B,  will  make  them 
accordingly  move — A  in  the  proportion  of  0*235,  and  Bin  the  proportion 
of  0*765  of  the  whole  space. 

If  for  another  distance  the  lens  A  should  have  to  move  0*333,  and  the 
lens  B  0*G66,  setting  both  limbs  of  the  sextant  to  these  divisions,  the  lens 
A  will  move     and  the  lens  B  §  of  the  whole  space. 

If  we  wanted  to  move  the  two  lenses  in  the  same  proportion,  the  sextant 
should  be  set  so  that  the  50th  division  of  both  scales  should  be  under  the 
index. 

And,  finally,  if,  for  the  sake  of  comparative  experiments,  it  were  wanted 
to  move  only  the  lens  A  or  the  lens  B,  the  slit  of  the  pin  for  either 
and  the  zero  of  the  scale  should  be  placed  under  the  index,  by  which  that 
lens  would  be  completely  stationary,  and  the  whole  motion  imparted  to 
the  other. 


460         Dr.  Duncan  on  the  Genera  Ueterophylliay  &c,  [May 

II.  "  On  the  Genera  Heterophyllia,  Battersbyia,  Palieocyclus,  and 
Asierofnnilia ;  the  Anatomy  of  their  Species,  and  their  Position 
in  the  t  lassititatiou  of  the  Sclerodermic  Zoantharia."  By  Dr. 
F.  M.  Duncan,  Sec.  G.S.  Communicated  by  Frof.  Uuzlsy. 
Received  March  30, 1867. 

(Abstract). 

Although  the  practical  and  natural  classification  of  the  Madreporaria 
(Sclerodermic  Zoantharia)  which  has  been  submitted  by  MM.  Milne< 
Edwards  and  Jules  Haime  is  very  generally  admitted  to  be  the  best,  still 
there  are  great  gaps  in  the  sneoesston  of  the  geneia,  and,  moreover,  some 
genera  cannot  be  placed. 

The  *'  break  "  between  the  Turbinolides  and  the  Astrseides  is  so  great  as 
to  render  the  dassification  rather  artificial ;  but  Dr.  Duncan's  discovery  of 
a  genua  A$teroemUia,  comprising  several  species,  unites  these  great 
divisions.  The  new  genus  has  the  pecnUaiities  of  the  Trocbocyatbt,  but  m 
addition  it  is  furnished  with  an  endotheca.   The  species  are  described. 

The  genera  HeieropfylUttt  M*Coy,  and  BatteNhyim^  Milne-Edwards  awl 
Joles  Hsime^  are  amongst  those  incertm  eedU,  The  discovery  of  aevetal 
new  species  of  Heteropkyltia  enables  Dr.  Duncan  to  determine  the  anatomy 
of  the  genns,  to  offer  for  consideTation  the  most  eztrsordinaiy  coral  foim 
he  has  ever  seen,  and  to  ally  the  genns  with  SattenfyU,  whieh  he  proves 
had  no  ecenenchyma.  The  species  of  both  of  the  geneim  ate  destBiibed 
shortly,  and  the  development  and  reproduction  of  B.  gemmam  also.  Tho 
genera  are  placed  amongst  the  Astrssidss. 

The  genus  Poicsoeyeliit,  M.-E.  ft  J.  H.,  supposed  to  be  one  of  tho 
Fnngidse,  is  proved  to  be  a  vesicnlo-tnbnhife  ootid  gemi%  and  to  be  one  of 
the  CyathophylUdse. 

One  Mesoaoic  fimiily  Is  therefore  removed  fftm  the  PalsMicdcoonl-fi«na» 
and  two  genera  of  a  Meson^  division  are  mtrodnoed*  Iliey  foeashsdow 
the  Tbeoosmiltes  of  the  Trias. 

IIL  "  CoBtribution  to  the  Anatomy  of  Ratteria  (RhynchocepkabiM, 
Owen)/'  By  Albxkt  Gun trbb,  M.A.^  Ph.D.,  M.D.  Comma- 
nieated  hy  Prof.  Owbn.   Received  April  4, 1867. 

(Abstract.) 

The  skull  of  Hatteria  is  disttngnished  by  the  following  characters : — 
1.  Persistence  of  the  sntnreSk  especially  of  those  between  the  laiend 
nalves  of  the  skull,  oombbed  with  great  development  of  its  ossified  parts* 
as  it  appears  in  the  expanse  of  the  bones  forming  the  upper  surface  of  the 
facial  portion,  in  the  completeness  of  an  orlntal  ring  with  a  temporal  and 
zygomatic  bar  (Crooodilia),  in  the  much  expanded  oolumeUa,  m  the  nearly 
completely  osseous  bottom  of  the  orbit,  and  roof  of  the  palate. 
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2.  Sutniil  muon  of  tlie  tympanic  with  the  skull ;  firm  and  aolid  onioii 
of  the  bonea  of  the  palate  with  the  tympanic,  at  ihowii  by  the  autoial  eon- 
nedon  of  tympanic  and  pterygoid,  broad  sutoral  oonoeiion  of  the  ooIop 
mells  with  tympanie  and  pteiygoid,  immoTcable  pteiygo-qihenoid  joint, 
firm  and  extensive  attachment  of  pterygoid  to  cetopterygoid. 

This  restriction  of  the  mobility  of  the  bonea  named  ii  compeniated 
by  an  increased  and  mo£fied  mobility  of  the  lower  jaw,  the  mandibles 
being  united  by  ligament,  and  provided  with  a  mnch  elongate  artienlar 
anrfaoe. 

4.  Displacement  of  the  palatme  bones,  which  are  separated  by  the  pter- 
ygoids, and  replace  a  palatal  portion  of  the  mamillaries. 

5.  Perforation  of  the  tympanic ;  extremely  short  postarticolar  process  of 
the  mandible. 

The  terie^at  column  and  the  remamder  qf  ike  tketetoH  show  the  fol- 
lowing peculiarities : — 

1.  Yertebras  amphicmlian ;  caudal  Tcrtebne  Tcrtically  divided  into  two 
equal  halves.  Points  of  minor  importance  are  the  uniform  development 
of  strong  neund  spmes^  and  the  diiectum  of  the  caudal  pleurapophyses 
which  point  forwards. 

2.  The  costal  hmmapophyses  are  modified,  first,  into  a  series  cf  ap* 
pendages  identical  in  position  with  the  uncinate  processes  of  Irarda;  and 
secondly,  into  a  double  terminal  series  connecting  the  ribs  with  the  tho- 
racic and  abdominal  ttema,  the  distal  pieces  being  much  dilated  and 
forming  the  bsse  of  a  system  of  mosdes  (retractors  of  the  abdominal  ribs). 

3.  The  development  of  a  system  of  abdominal  ribi^  standing  in  intimate 
and  functional  relation  to  the  ventral  integuments. 

4.  Contbuity  of  the  ossification  of  the  coracoid ;  presence  of  an  acro- 
mial tuberosity  of  the  scapula ;  subverticsl  direction  of  the  os  ilium. 

5.  The  arrangement  of  the  bones  of  the  limbs  and  their  muscles  does 
not  show  any  deviation  from  the  Lacertian  type. 

The  dentition  of  llatteria  is  unique.  That  of  young  examples  differs 
Bcarcely  from  the  deiititioa  of  other  acrodont  lizards.  In  adult  examples 
the  intermaxillaries  are  armed  with  a  pair  of  large  cutting-teeth  ;  a  part  of 
the  lateral  teeth  are  lost,  and  the  alveolar  edges  of  the  jaws  nro-  cutting  and 
highly  polished,  performing  the  function  of  teeth.  A  series  of  palatine 
teeth  is  in  close  proximity  nutl  parallel  to  the  maxillary  series,  both  series 
receiving  between  them  in  a  groove  the  similarly  serrated  edge  of  the 
mandible. 

As  regards  the  orffans  of  sense^  the  absence  of  the  pecten  of  the  eye  and 
of  the  tympanic  cavity,  the  comnjeocement  of  a  spiral  turn  of  the  cochlea, 
and  the  attachment  of  the  by  Old  bone  to  the  terminal  cartilage  of  the 
stajics — are  to  be  noticed. 

The  ^t^uctll^e  of  the  heart  and  of  the  organs  of  rftpiration  and  circU' 
latxoyi  arc  of  the  Lacertian  type. 

The  aUence  of  a  eopuiato/y  organ  is  a  character  by  which  Uatterta  is 
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diitingnuhed  fmm  all  other  Smriaiis.,  Thw  Hatteria  pveteali  a  strange 
combinatkm  of  elements  of  high  and  low  offganiaatioii*  and  muat  be  re- 
garded aa  the  type  of  a  diatinet  gniiip*  Ita  affinitiea  and  aystematie 
poaition  may  he  indicated  in  the  fbllowiiig  aynopais  of  RECBNT  &EP- 
TILIA 

I.  SaUAMATA. 

First  order.  Ophidia. 
Second  order.  LacertUia, 

Suborder  A.  Amphubitnoidea, 

Suborder  B.  Cionoerania. 

Saborder  C.  Chamaleomridea* 

Suborder  D.  Nyctisavra, 
Third  order.  Ekynekoeq^kalM, 

II.  LORICATA. 

Fourth  order.  Croeodiiia, 
lU*  Cataphracta* 

Fifth  order.  Cketoma, 

IV.  *'0n  the  Curves  which  satisfy  given  conditions."  By  Phkf.  Cayley, 

F.R.S.   Received  Apnl  lb,  mQ7, 

(Abatraet.) 

The  present  memoir  relates  to  portions  only  of  the  subject  of  the  carves 
which  satisfy  given  conditions ;  but  any  other  title  would  be  too  narrow : 
the  question  chiefly  considered  is  that  of  finding  the  number  of  the 
eurres  which  satisfy  given  conditions  ;  the  curves  are  either  curves  of  a 
determinate  order  r  (and  in  thia  case  the  conditions  chiefly  considered  an 
conditions  of  contact  with  a  given  curve),  or  else  the  corves  are  conies ;  and 
here  (although  the  conations  chiefly  considered  are  conditions  of  contact 
with  a  given  carve  or  curves)  it  is  necessary  to  consider  more  than  in  the 
former  case  the  theory  of  conditions  of  any  kind  whatever*  As  regards 
the  theory  of  conica»  the  memoir  is  based  upon  the  researches  of  Chaalea 
and  Zeothen,  as  rcgarda  that  of  the  enrves  of  the  order  r,  upon  the  re- 
searchea  of  De  Jonquiiress  the  notion  of  the  qnan-geometrical  represen- 
tation of  conditions  by  means  of  loci  in  hyper-space  is  employed  by  Salmon 
in  hia  researehea  relatmg  to  the  qnadrie  snrlhoes  whidi  satiafy  given  con- 
ditions. Hie  papers  oontauiing  Uie  resenrches  referred  to  are  uidnded  in 
a  list  snbjoined.  I  reserve  for  n  separate  second  memoir  the  application 
to  the  present  qneNtiont  of  the  Prin^pk  of  Correspondence. 
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V.  "Second  Memoir  on  the  Curves  which  satisfy  given  conditions; 
the  Principle  of  Correspondence/'  By  Professor  Caylsy^  F.E.S. 
Eeceived  April  18^  1867. 

(Abstract.) 

In  the  present  memoir  I  reprodnce  with  additional  derelopmoits  tlie 
theory  established  in  my  paper  "  On  the  Correspondence  of  two  points  on 
a  Curve"  (London  Math.  Society,  No.  YIU  April  1866);  and  I  en« 
deavoor  to  apply  it  to  the  determination  of  the  number  of  the  comes  which 
satisi^  gjven  conditions ;  these  aie  conditions  of  contact  with  a  giTcn 
curre»  or  they  may  include  arbitraiy  conditions  Z,  2Z»  ftc.  I(  for  a  mo- 
ment,  we  consider  the  more  general  question  where  the  PHndpIe  is  to  be 
applied  to  finding  the  number  of  the  curves  C  of  the  order  r»  which  satisfy 
given  conditions  of  contact  with  a  given  cnrve^  there  are  here  two  kinds 
of  special  solutions ;  via.,  we  may  have  proper  curves  C  touching  (qie* 
cially)  the  given  curve  at  a  cusp  or  cusps  thereof,  and  we  may  have  im< 
proper  corves,  that  is,  curves  which  break  up  into  two  or  more  curves  of 
inferior  orders.  In  the  case  where  the  curves  Cr  are  lines^  there  is  only 
the  first  kind  of  special  solution,  where  the  souglit  for  lines  touch  at  a 
cusp  or  cusps.  But  in  the  case  to  which  the  memoir  chiefly  relates^ 
where  the  curves  C  are  comes,  we  have  the  two  kinds  of  spedal  solution^, 
vis.,  proper  conies  touching  at  a  cusp  or  cusps,  and  conies  which  are  line- 
pairs  or  point-pairs.  In  the  application  of  the  Principle  to  determining 
the  number  of  the  conies  which  satisfy  any  given  conditions!,  I  introduce 
into  the  equation  a  term  called  the  Supplement"  (denoted  by  the  abbre- 
viation ^'Supp."),  to  include  the  special  solutions  of  both  Idnds.  The 
expression  of  the  Supplement  should  in  every  case  be  fbmished  by  the 
theory  ;  and  thisbdng  known,  we  should  then  have  an  equation  leading  to 
the  number  of  the  conies  which  properly  satisfy  the  prescribed  conditions  ; 
bat  in  thus  finding  the  expression  of  the  Supplements,  there  are  difficulties 
which  I  am  unable  to  overcome ;  and  I  have  contented  myself  with  the 
rererse  course,  viz.,  knowing  in  each  case  the  number  of  the  proper  solu- 
tion!<,  I  use  these  results  to  dctcrniine  a  posteriori  in  each  case  the  exprts- 
siun  of  the  Supplement;  the  exjjrtssion  so  obtained  can  in  some  cases  be 
accounted  for  readily  enough,  and  the  knowledge  of  the  whoie  series  of 
them  will  be  a  convenieut  basis  for  ulterior  investigations. 

itfoy  9, 1867. 

Lieut.-General  SABINE,  President,  in  the  Chair. 

Pursuant  to  notice  given  at  the  last  Meeting,  Mr.  Webster  proposed,  and 
Mr.  Hcywood  seconded,  the  Bight  Hon.  Sir  William  Bovill,  Lord  Chief 
Justice  of  the  Common  Fleas»  for  election  and  immediate  ballot. 

The  ballol  having  been  taken,  the  Lord  Chief  Justice  BoviU  was  de* 
dared  duly  elected  a  Fellow  of  Hie  Society, 
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'   The  (bllowtng  communications  were  read  : — 

1.  "  On  the  Development  and  Succession  of  the  Teeth  in  the  Mar- 
supialia."  By  William  Usnby  Flower,  F.R.S.,  P.R.C.S., 
&c*9  Conservator  of  the  MuKom  of  the  Rojfil  College  d  Sur- 
geone  of  England. 

(Abatnet.) 

Although  the  dentition  of  adult  mdmdnalaof  all  the  anhnala  whieh  con- 
stitnte  the  temarkable  Order  or,  rather,  Sahdaaa  Manapialia,  has  been 
repeatedlj  rahjected  to  examination,  and  deaeribed  with  ezhanstive  nunute- 
neaa  of  lietail,  it  it  a  ni^nlar  dreamatanoe  that  most  of  thoae  pecaliaritiea 
in  the  aoeoeanon  of  their  teeth  whieh  distinguish  them  ftom  other  mammals 
appear  hitherto  to  hsTO  escaped  obserration.  To  supplj  this  blank  is  the 
object  of  the  present  eommunication.  Fortunately  the  materials  at  my 
disposal,  although  not  quite  so  complete  as  might  be  desired,  are  yet 
-  amply  sufficient  to  illustrate  the  main  aspects  of  the  question,  and  to 
supply  a  result  as  interesting  as  it  was  unexpected. 

Di'scri{)tioiis  are  given  in  the  paper,  accompanied  by  drawings,  of  several 
stages  of  the  dentition  of'  members  of  each  of  the  six  natural  families  into 
which  the  order  is  divided. 

1 .  MacropudidcE. — The  dentition  of  the  Kangaroo  (genus  Macropus\ 
from  the  completely  cdeutulous  foetus  to  adult  age,  is  described  in  detail. 
Contrary  to  what  has  been  specially  stated  with  regard  to  this  genus,  there 
are  no  deciduous  or  milk-inciiors,  the  teeth  of  tliis  gronp  which  are  first 
formed  and  calcified  in  both  jaws  being  those  whieh  are  retained  throughout 
the  life  of  the  animal.  The  rudimentarv  canine  and  fir,-,!  i>reinoiar  have 
also  no  deciduous  predecesaors.  The  second  tooth  ol  the  rnolar  series  (a  true 
molar  in  form)  is  vertically  displaced  by  a  prc/noliir.  The  four  true  molars 
have,  as  has  long  been  known,  no  deciduous  predecessors.  There  is  thus 
but  one  tooth  on  each  side  of  each  jaw  in  which  the  phenomenon  of  diphyo- 
dont  succession  occurs.  The  period  at  whii  h  this  tnkcd  place  varies  in 
different  spe  cies  of  the  family.  In  some  forms  of  Ili/psipiymnitSf  the  suc- 
oessioiml  premolar  is  not  cut  until  after  the  last  true  molar  is  in  place  and 
use, — this  probably  having  relation  to  the  extraordinary  size  of  the  tooth, 
and  the  time  consequently  required  fur  its  development.  A  special  charac- 
teristic of  tliis  family  is  the  teiuK  ncy  to  lose  the  canine  and  One  or  both 
premolars  at  a  comparatively  eariy  period  of  life. 

2.  Phalangistidce. — Several  early  stages  of  the  dentition  of  Phalangitta 
vulpina  are  described  and  figured.  In  a  young  spedmen  in  which  no  teeth 
had  cut  the  gum,  the  crowns  of  the  permanent  uunsors,  canine,  and  first 
two  molars  were  found  to  be  calcified,  and  the  germ  of  the  permanent  pie> 
molar  was  already  formed  beneath  the  milk-  or  deciduous  moIar»  whteh,  as 
in  Mueropmi,  is  the  only  tooth  which  is  shed  and  replaced  by  a  sneeessor. 
The  diange  takes  place  at  an  earlier  period  than  in  the  last  family. 

3.  Peramelida, — No  Teiy  early  stages  of  Feram$k9  were  eiamined :  but 
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adolescent  specimens  of  this  genus  and  of  Chceropiis  show  that  a  very 
minute,  compressed,  molarilot  ai  tooth  is  replaced  by  the  trianpnlar,  pointed, 
third  or  jio^terior  premolar.  No  other  s^os  of  yertical  dispiacemeut  and 
succession  were  observed. 

4.  Ihdeiphidm. — In  tlie  American  genus  Dielelphys,  the  observations  arc 
complete  from  the  earliest  stag^e,  and  show  that,  as  in  the  Australian  Ma- 
cropodirite  and  Phalangistulet,  none  of  the  teetl;  of  the  jiefmanent  series 
have  predecessors  ffxcept  the  comj^rLsscd  pointed  last  premolar,  which 
replaces  a  tooth  having  the  broad  mullicuspidjile  crown  of  a  true  molar. 

Thischantre  docs  not  occur  until  the  animal  approaches  the  adult  age, 

5.  J)((sijiiridii\ — in  a  fcntal  Th/lacinn^f,  in  which  no  tectli  liad  cut  the 
gum,  the  crowns  of  the  jieriinim  nL  iuciaors,  Cfoiines,  prenujliirs,  and  ante- 
rior true  niolttrs  were  partially  calcified,  and  necesgarily  much  crowded 
together  in  tlic  jaw.  A  verv  minute  riidnnentftrv  molar  was  sitiiatc<i  just 
beneath  the  alveolar  mucous  nienibrune,  sujKTticiully  to  the  apex  of  the 
hindermost  premolar,  and  was  evidently  its  milk-predecessor. 

6.  Phascolomyid<e . — This  family  is  placed  last  because'  the  observations 
regarding;  it  are  leas  complete  than  in  the  case  of  any  of  the  others.  The 
youngest  Wombat  available  presented  do  evidence  of  succession  of  any  of 
the  teeth  {  but  it  is  probalile  that  the  single  premolar  is  preoedfid  bj« 
niilk*molar»  at  a  still  earlier  period  than  any  examined. 

From  the  foregoing  observations  it  may  be  coockuled  with  tolerable 
•afety  that  the  imimals  of  the  Order  Marsupialia  present  a  peculiar  condi- 
tion of  dental  succemon*  uniform  throughout  the  order,  and  distinct  froni 
that  of  all  other  mammals.  This  peculiarity  may  be  thus  biiellj  ex< 
pressed.  The  teeth  of  Manapials  do  not  vertically  displace  and  luecced 
other  teethi  with  the  exception  of  a  single  tooth  on  each  side  of  each  jaw* 
The  tooth  in  which  a  vertical  succession  takes  place  ii  always  the  corre. 
sponding  or  homologous  tooth,  being  the  hindermost  of  the  pfemolar«eries*t 
which  is  preceded  by  a  tooth  haring  the  ehanusten^  more  or  less  stioni^y 
cspreased,  of  a  tme  molar. 

It  has  been  asnal  to  divide  the  class  Mammalia,  in  regard  to  the  mode  of 
Ibrmatioiiand  sneeesmmof  theirteeth,into  two  groups — ihtMompkifoiemie^ 
or  those  that  genersis  a  single  set  of  teeth,  and  the  B^^kj^mhrnie^  or  those 
that  generate  two  sets  of  teeth ;  but  even  in  the  most  typiesi  diphyodoots 
the  snceesnonal  process  does  not  extend  to  the  whole  of  the  teeth,  always 
stoppmg  short  of  those  ritoated  most  posteriorly  in  eseh  series.  Tlie 
Marsopials  occupy  an  nitermediate  pontion,  pvesentmg  as  it  were  a  rudi- 
mentaij  diphyodont  condition,  the  snocsssionol  process  bemg  confined  to  a 
single  tooth  on  each  side  of  each  jaw.  This  position,  however,  is  by  no 
means  without  analogy  among  the  mammak  of  the  pkcental  series.  In 
the  Dugong  and  the  existing  Elephants  the  soccewional  procem  is  limited 

*  The  convenient  distinction  between  false  molaxs  or  premolars  and  true  molars,  is 
alvnayt  mill  naarked  in  the  form  of  the  ffown,  cvpeoially  ia  the  upper  jaw,  m  the 
Msrsnpials. 
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to  the  incuor  teeth.  It  is  questionable  whether  the  first  premolar  of  tboie 
animals  of  this  group  which  have  four  premolar  teeth,  as  the  Hog,  Dog  (man- 
dible), &c.,  ever  liai  a  deciduous  prtdecessjor,  at  ail  events  so  far  advanecd 
as  to  have  rtaclied  the  calcified  staore.  But  the  closest  analogy  with  the 
marsujiial  mode  of  succession  is  found  among  the  Rodents.  Here  the  incisors 
appear  to  have  no  deciduous  predecessors;  and  in  the  Beaver,  Purcupine, 
and  others,  which  have  but  four  teeth  of  the  molar  series,  i.  e.  three  true 
molars  and  one  premolar,  the  latter  is,  exactly  as  in  the  Marsupials,  the 
only  tooth  which  succeeds  a  (K  eidnous  tooth.  The  analog}',  however,  does 
not  hold  in  those  Ilodents  which  have  more  than  one  premolar,  as  the  Uare ; 
for  in  this  case  each  of  these  teeth  has  its  deciduous  predecessor. 

In  the  preceding:  account  I  have  used  the  term  "  permanent"  for  those 
teeth  which  remain  in  use  througliout  the  auiiiial's  life,  or,  H  ihey  tall  out 
(as  do  the  rudimeutaiv  canines  and  the  premolar.s  of  tlie  Macropodidfr)^ 
do  not  f,M\e  })lace  to  sucee^sional  teeth;  and  I  have  therefore  assumed  that 
the  milk  or  temporary  dentition  of  the  typical  diphyodont  mammals  is  re- 
presented in  the  M[arsupials  only  by  the  deciduous  molar?.  It  may  lie  held, 
on  the  other  hand,  that  the  large  majority  of  the  teeth  of  tin-  Mar^ujualsare 
the  homolo?u{  s  of  the  milk  or  first  teeth  of  the  diphyodonts,  and  that  it  is 
the  pertnanent  or  second  dentition  wliich  is  so  feebly  represented  by  the 
four  snccessional  premolars.  This  view  is  supported  by  many  general 
analog;ics  in  animal  organization  and  development,  such  as  the  fact  that  the 
permanent  state  of  organs  of  lower  animals  often  represents  the  immature 
or  transitional  condition  of  the  same  parts  in  beings  of  higher  organization. 

Looking  only  to  the  period  of  development  of  the  different  teeth  in  some 
of  the  marsupial  genen^  we  might  certainly  be  disposed  to  place  the  sac- 
cesnonal  premolar  in  a  series  by  itself,  although,  indeed,  all  ita  morphological 
characters  point  ont  its  eongmity  with  the  row  of  teeth  among  whieh  it 
ultimately  takei  ita  phie^  the  revcne  being  the  case  with  iu  predcccaaar> 
It  is,  however,  almost  impossible^  after  eiamining  the  teeth  of  the  young 
Thylacine  described  and  figured  in  the  paper*  to  icskt  the  eonclnaaon 
origindly  anggested.  The  unbroken  series  of  inciaocai  eaninei^  pmnolais, 
and  anterior  tme  molars  of  nearly  the  saoM  phaae  of  development,  with 
poatecior  molara  giaduaUy  added  as  age  advances,  form  a  striking  contrast 
to  the  temporary  molar,  so  rndtfloontal  in  size,  and  transient  in  duration. 
I  can  Bcaraely  diiubt  .that  the  tme  molara  of  this  anisDal  would  be  iden- 
tified by  efOiy  one  as  homologous  with  the  tme  molars  of  tbediphyodonts, 
whieh  are  generally  regarded  as  belonging  to  the  permanent  series,  althon^ 
they  never  haYO  deddnous  predecessors.  Now,  if  the  homology  between 
the  tme  molars  of  the  Thylacme  and  those  of  a  Dog^  for  instanes^  bo 
granted,  and  if  the  anterior  teeth  (indaors^  canines,  and  premolars)  of  the 
Thyladne  be  of  the  same  series  as  its  own  true  molan^  they  most  also  be 
homologons  with  the  corresponding  permanent  teeth  of  the  Dog. 

It  may  be  objected  to  this  argnmenty  that  the  tme  mdars  of  the  diphyo* 
donts,  not  being  snoeessional  teeth,  ought  to  be  regarded  aa  members  -of  the 
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first  or  nflk-  series ;  but,  in  truth,  the  fact  that  thej  hare  themselves  no 
predecessors  does  not  make  them  serially  homologous  with  the  prede- 
eessors  of  the  other  teeth,  while  their  morphological  characters,  as  well  aa 
their  habitual  persisteuce  throughout  life,  raoge  them  with  the  secoud  or 
permanent  geries. 

We  have  bccii  so  long  accustomed  to  look  u{)oii  the  second  set  of  teeth  as 
an  aflter-devclopment  or  derivative  from  the  first,  that  it  appears  almost 
paradoxical  to  surest  that  the  milk-  or  deciduuu^i  teeth  may  rather  be  a 
set  superadded  to  supply  the  temporary  needs  of  mammals  of  moreconi})lex 
dental  organization.  But  it  should  be  remembered  that,  instead  of  there 
being  any  such  relation  between  the  permanent  and  the  milk-teeth  as  that 
expressed  by  the  terms  '  progeny"  and  "parent"  (sometimes  applied  to 
them),  they  are  both  (if  all  recent  researches  into  their  earher  development 
can  be  trusted)  formed  side  by  side  from  independent  portions  of  the  pri- 
mitive dental  f^rome,  and  may  rather  he  compared  to  twin  brotlier.^,  one  of 
which,  destined  for  early  functional  actirity,  proceeds  rapidly  in  its  develop- 
ment, while  the  other  makes  little  progress  nntil  the  time  ajiproaehes  when 
it  is  called  upon  to  take  the  place  of  its  more  preeocious  locum  tenens. 

Many  facts  appear  to  point  to  the  inilk-tectli  as  being  the  less  constant 
and  important  of  the  two  sets  cievelo[)ed  in  diphyodont  dentition.  Among 
these  the  nio>t  striking  is  the  frecpient  ocrnrrence  of  thi.^  s<'t  in  a  rudimen- 
tary and  functionless  or,  as  it  were,  partially  developed  state.  The  milk- 
premolars  of  some  Eodents  (as  the  Guinea-pig),  shed  while  the  animal  is 
in  uterOy  the  simple  structure  and  evanescent  nature  of  the  milk-teeth  of 
the  Bats,  Insectivores,  and  Seals,  the  diminutive  first  incisors  of  the 
Dugongs  and  Elephants,  all  appear  to  be  cases  in  point.  On  the  other 
hand,  examples  of  the  commencing  or  sketching  out,  as  it  were,  of  the 
SDGcessora  to  a  well-formed,  regular,  and  functional  first  set  of  teeth,  are 
rarely^  if  ever,  met  with.  Occasional  instances  of  the  habitual  early  deca- 
dence, or»  perhaps*  absence  of  some  of  the  second  or  to^salled  permanent 
teeth  oecnr  in  certain  animak ;  but  these  are  rather  ciamples  of  the  disap- 
pearance or  suppression  of  organs  of  ^vhieb  there  is  naneedintheeconomy» 
and  chiefly  oecor  in  isolated  and  highly  modified  members  of  groups  in 
the  other  members  of  which  the  same  phenomenon  does  not  ocenr,  as  in 
Ckeiromys  among  the  Lemurs,  Trickeehus  among  the  Seals,  and  the 
reeent  Elephants  (as  regards  the  premolars)  among  the  Proboscideans. 
They  form  no  parallel  to  the  cases  mentioned  aboTe  of  the  rodimentary 
formation  of  aa  entire  series  of  teeth  of  the  temporary  or  milk-set. 

To  return  to  the  marsnpials : — If  this  view  be  correct,  I  should  be  qmto 
prepared  to  find,  in  phases  of  derelopment  earlier  than  those  yet  examined, 
some  ttioes  either  of  the  papillary,  follicular,  or  saccular  stages  of  mflk- 
predeeessofs  to  other  of  the  teeth  besides  those  determinate  four  in  which, 
for  some  reason  at  present  unexplained*  they  arrive  at  a  more  mature 
growth*.  Such  proof  as  this  would  alone  dedde  the  truth  of  these  speeu- 

*  It  mij  he  rsBurM  that  the  mUk-tooth,  which  alone  is  defdoiMd  in  tiie  Mamt* 
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latioua ;  and  I  have  not  at  present  either  the  reqaMte  leiiuic  or  nalerieli 

for  following  out  m  delicate  an  inTestigation.    I  trost  that  the  facts  abeody 

elicited  are  sufficiently  novel  and  important  to  justify  my  bringing  them,  as 
they  now  staud,  before  the  Society. 

IL    ''On    a   Property  of  Carves   which   fui£l  the  conditioa 
£f  +  ^  sO/'  By  W.  J.  Maoqvoen  Rankinx,  CJS.^  I1L.D., 

ir.ft.SS.L.  &  £.   Receired  April  9, 1867. 

1.  In  o  p«pcr  "  On  Stretm-Luiea*''  pobUshed  ui  the  Fhfloaophieal  H«-> 

gasme  for  October  18d4»  I  stated,  and,  in  &  Supplement  to  the  same  paper, 
published  in  the  Riiloeophieol  Maganne  for  January  1865,  I  proved  the 
proposition  that  '*  all  wavee  hi  which  molecular  rotation  is  null  b^;in  to 
break  when  the  two  slopes  of  the  crest  meet  at  right  angles.*' 

2.  I  have  now  to  state  the  purely  geometrical  proposition  of  which  that 
mechanical  proposition  is  a  consequence.    If  a  plane  eurve  which  fulfiU 

ike  emiitum  ^-f  +  ^  »0  cv^e  ii$elf  m  a  double  wrinU  ^  deee  ee  mi 

dx  ay 

right  anglee, 

3.  The  foUowmg  is  the  demOBStrstion,  It  is  well  known  that  the  mdi- 
nation  of  any  plane  conre  to  the  axes  at  an  ordinary  point  is  given  by  the 
equation 

also  that  at  a  douhle  point  ^  and  ^  hoth  vaniab,  so  that  the  induMtions 

ax  ay 

of  the  two  branches  to  the  axes  are  given  by  the  two  roots  of  the  quadratic 
equation 

whence  it  follows  that  the  product  of  the  two  values  of      which  are  the 

dx 

d'f 

two  Tallies  of  the  tangent  of  themcBnatkm  to  the  azisofd^  is  ■>  — 

dy' 

acurre  which  fulfilB  the  before-mentioned  condition,  tlic  value  of  that  pro- 
(hici  is  —  1  ;  and  when  such  is  tlic  case  with  tlie  product  of  the  tangents  of 
two  angles,  thp  differpnce  of  those  angles  is  a  riglit  angle;  therefore  the 
two  branches  cut  each  other  at  right  angles.  Q.E.D. 

4.  The  proposition  just  demonstrated  is  so  simple  and  so  ohvioui^  that 

piaU,  oorreKpond«  bomulogicallj  with  that  which,  a«  a  general  rule,  10  moet  persi&lent 
in  tlw  tjpical  diphyodoiita»  inehictiiig  Man,  vis.  liie  postenor  iDi]k.aiolar,  replaced  by 
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1  was  at  first  disposed  to  thiuk  it  must  iiave  been  koown  and  published 
previously  ;  nnd  had  I  not  been  assnred  by  several  eminent  mathematicians 
that  it  hiul  not  been  previuii<^ly  published  to  their  knowledge  X  should  not 
have  veatured  to  put  it  forth  as  new. 


Supplement  to  the  preceding  Paper.    Received  April  23,  1867. 

Professor  Stokes,  D.C.L.,  has  pointed  out  to  me  an  extension  of  the  pre- 
ceding theoreniy  vis.  that  at  eoay  multipU  point  in  a  plant  ewve  wMek 

fulfils  iho  eemktum       +  the  ironekeo  wtake  eaual  angles  with 

dx*  ay' 

oaek  other ;  so  that,  for  ezample*  if  n  branches  cut  each  other  at  a  multiple 

point,  they  mike  with  eaeh  other  2n  equal  angles  of  ^« 

Ji 

The  foUomng  appears  to  me  to  be  the  simplest  demonstration  of  the  ex- 
tended theorem.  At  a  point  where  n  branches  cut  each  other  the  follow- 
ing equation  is  fulfilled  by  sU  aurres: 

Let  &  be  the  angle  made  by  any  branch  with  the  axis  of  x  then 


But  in  a  curve  which  fulfils  the  equation      +  — ?  ^® 

whence  it  follows  that  in  such  a  curve  the  equation  of  a  multiple  point  of  » 
branches  is 


|(cose+ V— l.sm«)^|  ^=0. 


Choose  for  the  axis  of  a  Ungent  to  one  of  the  branches  at  the  multiple 
pmnt.  Then  it  b  evident  that  the  preceding  equation  is  satisfied  by  the  2ii 
Tsloef  of  0  oorresponding  to  the  2iith  roots  of  unity*  that  is  to  says  by 


fi    n  II 


therefore  the  n  branches  make  with  each  other  2n  equal  angles  of  Q.£.D, 
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III.  ''A  Tabular  Form  of  Analysis,  to  aid  in  tracing  the  Possible  In- 

liucnec;  of  Past  and  Present  upon  future  states  of  Weather."  By 
S.  Elliott  Hoskins,  F.R.S.^  &c.    Received  March  28,  1867. 

The  data  upon  which  the  present  communication  is  founded  ere  dertred 
lirom  the  '  Greenwich  Reports/  from  Mr.  Ghosher's  ptpen  in  the  Philo- 
aophical  Timnsactions,  and  fnm  mj  own  obtmatiaiis  at  Gnemsej.  The 
latter  were  commeDced  in  the  antimin  of  IB42,  in  toeordaDce  with  the  le- 
oommendations  of  the  Committee  of  Fhysies  of  the  Boyal  Sodety»  and 
weie  taken  at  the  request  of  Professor  Danidl,  by  whom  the  instruments 
employed  were  selected.  These  instmments*  made  by  Newman*  were  after 
a  time  replaced  by  othen^  at  the  suggestion  of  Mr.  Glaisher,  by  whom 
they  were  compared  with  the  standards  at  the  Boyal  Observatory. 

For  my  own  guidance  in  the  first  mstanee,  I  sought  to  anange  the  re- 
snlts  thus  obtuned  in  snch  a  manner  as  to  discovert  if  possible^  whether 
any  month  or  class  of  months  stood  to  each  other  in  the  relation  of  cause 
and  effect ;  in  other  words*  whether  the  atmospheric  conditions  of  antumn 
exercised  any  distinguishable  influence  upon  the  fruitful  or  unfruitftil 
dbaraeter  of  ensuing  seasons. 

In  order  to  attain  this  ohject,  the  principle  seemed  to  be  that  of  oon- 
denring  within  narrow  limits,  by  means  of  intelligible  symbols,  as  many 
elements  of  weather,  in  the  popular  acceptation  of  the  word»  as  might  be 
required.  But  the  ordinaiy  cunrilinear  form  of  diagram  could  not  be  so 
modified  as  to  answer  this  purpose,  and  I  therefore  availed  mysdf  of  a  plan 
suggested  by  Bfr.  Galton that  of  converting  the  records  of  observations 
into  appropriate  signs,  and  placing  them  compactly  in  a  series  of  squares. 

Upon  this  principle  the  annexed  diagrams*  are  constructed,  comprising 
those  elements  of  weather  which  more  directly  affect  vegetation ;  viz.  lieat, 
cold,  dryness,  moisture,  and  their  combinatiops.  The  same  kind  of  pre- 
paratory steps  were  taken  for  the  compilation  of  the  Greenwich  as  for  the 
Gutrnsey  diagram,  so  as  to  render  the  rt-sultij  comparable — less,  perhaps, 
for  the  sake  of  mere  coniparison,  than  for  the  purpose  of  testing  the  value 
of  the  latter  by  means  of  an  accredited  standard. 

The  first  process  consisted  in  copying  out  the  degrees  of  monthly  mean 
temperature,  the  number  of  rainy  days,  and  the  days  of  wind,  from  four 
directions,  intermediate  to  the  cardinal  points.  These  several  copies  being 
verified,  the  monthly  average  of  each  of  the  above  elements  for  twenty 
years,  from  1843  to  1862,  way  taken. 

The  next  Btcp  wes  to  obtain  the  difference  between  the  adopted  average 
and  the  mean  of  each  mouth  in  every  year.  By  prefixijig  the  plus  and 
minus  signs  to  the  resulting  figures,  the  excess  and  defect  of  each  eleroeut 
is  shown. 

The  third  process  was  to  separate  the  above-mentioned  series  of  years 

*  fTbe  diagnins  are  not  published,  bat  are  preserfsd  for  velivsnee  in  the  Ax^tanm 
of  tfwBooielj.] 
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Second  decade.— 1853  to  1862. 
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into  two  decennial  periods  or  decades,  and  tben  to  oom|mte,  not  only  tbe 
nnmVer  of  months  above  and  below  the  aTerage,  but  dso  the  degrees  of 
temperatnre.   (See  Tables  I.,      III.,  V.  and  VI»  in  the  Appendix.)  j 

Lastly,  the  numerals  thence  derived  were  converted  into  simple  and 
familiar  signs,  which  were  then  delineated  upon  a  sheet  of  sectional  paper, 
accurately  engraved  according  to  scale.  A  square  space  was  allotted  to  each 
of  the  months,  and  they  were  laid  down  as  abscissa^  with  the  years  for 
ordinates.   (See  Diagrams  L  and  II.  (Archives).) 

The  light  squares  in  the  diagrams  denote  warmth,  the  degrees  being 
expressed  by  a  modification  of  the  plus  sign,  in  red  ink ;  the  dark,  or 
shaded  squares  indicate  cold,  and  the  degrees  are  marked  in  black  ink 
with  the  minas  sign.  Black  dots  indicate  the  number  of  rainy  days  above 
the  average,  and  red  dots  the  number  below  it.  The  diagonal  lines  from 
the  centre  of  each  square  show  the  direction  and  days  of  predominaut 
wind,  one-sixteenth  of  an  inch  being  equivaknt  to  fivo  chivs  beyond  the 
mean  ;  the  red  lines  nre  associated  witli  drviicss,  and  ihe  black  with 
moisture.  It  may  be  necessary  to  explain  that,  as  regards  rainfall,  frequency, 
ratiiL  T  than  quantity,  was  selected  as  a  criterion.  Th  it  is  to  say,  tlie  number 
ofclnys  on  which  rain  fell  rather  than  tlie  number  of  inches  collected  by 
the  pluviometer  ;  for  it  not  uafrequcntly  happens  that  a  few  heavy  showers 
yield  a  greater  amount  of  water  than  many  days  of  gentle  rain  of  long 
continual  ice. 

The  combined  si^ns  in  the  above  arrangement  are  intended  to  represent 
four  different  states  of  weather*  viz.  warm + dry ;  warm  +  wet  i  cold + dry } 
and  cold  +  wet. 

If  the  sectional  paper  be  large  enough  to  admit  of  blank  spaces  being 
left,  the  signs  of  tlie  weather  may  be  delineated  therein  as  each  mouth 
ellipses ;  and  thus  the  diagram  becomes  a  sort  of  register,  and  an  ever-ready 
table  of  reference. 

For  instance,  by  running  the  eye  along  the  vertical  columns  of  the 
Guernsey  dinn;ram,  to  which  T  mu«t  eonfiiie  myself  for  the  present,  the 
existing  state  of  the  weatlier  can  easily  he  compared  with  that  of  corre- 
sponding months,  up  to  1813  ;  and  by  following  each  horizontal  line  of 
squares  the  chnraeter  of  each  year  may  as  readily  be  ascertained.  Thus 
we  shall  find,  on  comparing  the  September  of  18G.3  with  that  of  preceding 
Years,  tliat  it  was  the  hottest  and  the  driest  of  the  whole  series.  On  hiok- 
ing  along  the  ordinate  correspondmg  to  184(1,  it  will  he  seen  that  during 
eleven  months  of  that  year  the  temperature  was  uaiformly  above  the 
adopted  average. 

On  taking  a  general  view  of  this  diagram,  after  its  completion,  a  very 
cursory  glance  sufficed  to  show  me  that  a  striking  difference  existed  in  the 
distribution  of  light  and  shade.  On  closer  inspection,  it  became  manifest 
that  the  number  of  light  squares  in  the  one  decade  exactly  counter- 
balanced the  dark  squares  in  the  other ;  so  that  the  warm  months  of  the 
first  period  were  in  direct  ratio  to  the  cold  months  of  the  second. 
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These  eontnuU,  quite  unlooked  for  by  me,  were  all  the  more  tarprisii^ 
as  the  data  employed  had  been  taken  as  they  came,  and  not  selected  Ibr 
the  purpoae  of  supporting  any  preconoeired  notion.  It  seemed  to  me, 
therefore,  that  this  kind  of  diagram,  besides  serving  as  a  conTeuent  table 
of  reference,  was  a  collection  of  materials  prepared  and  classified  £ir  fnrther 
analysis.  Under  this  impression  I  proceeded  to  decompose  it,  and  to  re- 
arrange the  products  in  a  tabular  form* — couTetting  into  letters  of  the 
alphabet  the  combined  signs  in  the  squares,  so  as  to  designate  the  four 
states  b(  weather,  before  mentioned,  as  follows: — ^A^warm+diy;  B= 
warm + wet  5  C = cold  +  d ry ,  and  D sscold + wet. 

These  letters  were  then  placed  in  columns  nnder  the  heads  of  months 
and  years ;  the  number  of  times  in  which  each  letter  recurred  was  noted, 
and  these  numerals,  which  may  be  termed  coefficients  of  the  snms  of  the 
letters,  were  collected  in  lines  and  columns,  those  of  the  months  at  the 
foot,  and  those  of  the  years  at  the  aides  of  a  table  of  analysis.   See  Table  IV. 

When  the  coefficients  of  the  whole  series  were  thus  placed  in  juxtapo- 
sition, it  was  sattsfaclory  to  fiod  that  the  general  contrasts,  noticed  In  the 
diagram,  were  borne  out  numerically ;  and  still' more  satisfactory  to  ascer- 
tain that  there  was  a  close  agreement  between  the  ratio  of  the  months  and 
that  of  the  degrees  of  temperature,  plus  and  minus. 

Munllis.  Degree*. 


Fir  4  fl—  k1.'.  7H  warm  to  -Vl  cold.  153^ 
Seooad  deoiaM.   78  oold  to  42  wann. 


•5  plus  to  T)b'*-2  niinus.  \  ^ 

•0  miniu  to  fiO'^-O  plw./  ""en»«»J« 


The  columns  at  the  sides  ol  the  Tables  of  analysis,  that  of  (  jrLcn\>ich 
well  as  Guernsey^  indieate  that  there  was  the  lutrusiou  ot  one  cold  year 
(18-lo)  in  the  warm  period,  .uul  of  two  wnrm  years  (1837  and  1851))  in 
tfjc  eohl  period.  A  isiiiiiiar  kind  of  intercalation  was  pointed  out  by  Mr. 
Howard,  m  his  *  Cycle  of  tl)e  Seasons,'  from  1824  to  18  11,  liamely,  the 
intrusion  of  oue  cold  year  ia  the  warm,  and  one  warm  year  in  the  cold 
cycle. 

On  examining  the  coefficients  more  in  detail,  in  the  hope  of  being  able 
to  detect  some  gro\ip  of  months  which  seemed  to  bear  a  peculiar  relaiiuu 
to  the  rest,  I  met  with  a  frequent  recurrence  of  au  exact  inverse  order 
between  the  warm  months  of  the  two  decades;  and  ufccu  a  direct  ratio 
between  the  wet  and  dry, 

l)urin<;  the  first  decade,  the  ratio  between  warm  and  cold,  in  the  groups 
ot  JiUinnry,  Fehrunrv,  Mareh,  April,  August,  September,  Octubu,  and 
Decend)er,  is  invariiddy  (i  to  4.  It  is  one  of  greater  iuiqnulitv  Hi  the  Junes 
and  Novend)ers,  being  8  to  2  in  both  cases;  warm  Mays  are  equal  to  the 
cold,  but  wai  ni  Julys  preponderate  in  the  proportion  of  9  to  1. 

In  the  second  decade,  the  warm  Novembei  s  are  to  the  cold  the  exact 
reverse  of  what  they  were  in  the  tirst,  being  2  to  8 ;  aud  the  ratios  of  Ja- 

*  I  am  indebted  to  Dr.  Qt^s  Crooniao-LeotuMi  for  aa  insight  intotiiit  meUwd. 
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nuary,  February,  March,  imd  April  are  also  reversedj  being  4  to  6,  instead 
of  6  to  4. 

Wiicn  one  decade  is  compared  with  the  other,  the  last-named  months 
are  found  to  stand  in  exact  inverse  order,  viz.  6  to  4  in  the  first,  and  4  to 
6  in  the  second. 

The  wet  and  dry  groups  seem,  on  the  whole,  to  be  more  evenly  balanced 
than  the  warm  and  cold;  but  the  Novembers  of  the  second  decade  are 
remarkable  for  drj'ness.  The  connexion  between  tlie  predominant  winds 
and  the  other  states  of  weather  has  not  as  yet  been  traced  systematically  ; 
but  the  diagram  sliows  ^reat  excess  of  north-east  wiml  in  the  spring  of 
1852,  and  a  long  continuance  of  cold  wcatht  r  tting  in  early  in  the  fol- 
lowing year.  It  is  also  evident  that  wind  from  aouth-east  was  more  pre- 
valent during  the  second  than  the  fn>t  decade. 

From  the  foregoing  comparison  of  tiie  different  months,  the  group  of 
Xovembers  seems  to  be  the  most  exceptional  ;  it  may  therefore  be  worth 
while  tu  iLCupit  iilate  the  peculiarities  thai  iiavu  been  noticed. 

1st.  The  ratiu  between  the  coefficients  of  this  group  in  chfferent  decades 
ii»  iiivuriubly  one  of  considerable  inequality. 

2ad.  Two  cold  Novembers  only  occur  in  the  warm  cycle,  and  only  two 
warm  ones  in  the  cold  cycle. 

3rd.  In  the  secoml  tlecade  the  ]>roj»orlion  of  warm  to  cold  Novembers 
is  8  to  2,  and  ol  dry  aiid  wet  2  to  8  ;  but  in  the  warm  period  warm  and 
wet  months  were  prettily  evenly  distributed. 

4th.  Novembers  of  compaiaLiv*. ly  low  temperature,  such  for  instaiuA'  ab 
those  of  IS.*)!,  18.53,  1854,  185"),  1850,  1800,  18GI,  ami  were  in 

each  year  b^ucreeding  those  enumerated,  followed  hy  Mays  or  Junes  of  a 
similar  character.  The  following  ri^unu  shows  the  relations  between  the 
Novembers  and  the  Junes. 

Montlia. 


l<ov«mben.  Junes. 


, ,  f  let  decade.     8  worn*  to  2  Oold.   8  warm  to  2  OOld. 

Guernsey.  |      decade.  8  cold  to  2  wm.  7  oold  to  8  warm. 

Decreet. 


^-       -  '   N 

NoTembers.  Junes. 

,  ^1  ^.    * 


^  ri8tdecad«.    IS'-T  phis  to  4*'2  minus.  plus  to  S'-^l  minus. 

Quenu)ey.|2^^^^    U^O  nanus  to  2<>-8  plus.  18**5  minus  to  S^  l  plujk  - 

These  contrasts  and  analogies  seem  to  justify  the  BUrmise  tbilt  the  »t»^ 
mospheric  conditions  of  the  former  months  may  have  exercised  some  in- 
fluence upon  those  of  the  latter.    Whether  such  be  tbe  ease  generally  is 
not  to  be  determined  until  a  much  longer  series  of  resultB  at  Quenuey  ean 

be  comjiared. 

The  jieculiarities  with  respect  to  the  NoTemben  may  be  purely  acci- 
dental, or  confined  to  the  period  under  coQfideratioii ;  but  that  they  are  ' 

2e2 
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not  VMtricted  to  locality  is  proved  by  the  Greenwich  Tables,  in  which 
these  gronp*  stand  out  still  more  prominently  (see  Table  VII.)  >  ^be  ratios 
between  wann  and  cold  being  9  to  1  in  the  first  decade,  and  1  to  9  in  the 
iecond.  It  £1  difficult  therefore  to  avoid  the  conclusion  that,  during  the 
twenty  years  in  question,  the  November!  were  exceptional  months  at  botk 
places ;  aIthoag;h  at  Guernsey  they  were  more  freqnently  followed  by  iuh 
favourable  Junes. 

The  Greenwich  diagram  (Diagram  II.  Archives),  to  which  I  must  now 
briefly  advert,  does  not  exhibit  so  striking  a  contrast  of  light  and  shade  as 
was  observable  at  first  sight  in  the  other  diagram.  But  on  further  exami- 
nation it  will  be  found  that  the  warm  months  of  the  first  decade  correspond 
nearly  in  number  with  the  cold  months  of  the  second,  although  not  so 
ezacdy  as  at  Onemsey. 

Moothi.  Degrsfw. 

fi        .  *  /     decade.    65  warm  to  t)&  eold.   IbT'if  plus  to  lUtf  5  minus. 
1  2nd  decade  03  eold  to  58  warm. 

On  conipnrin^  the  al)07c  abstract  ^vitb  that  in  a  previous  pa^e,  it  will  be 
perceiTcd  tliat  tlic  dls]>arit\'  between  the  general  results,  tVuin  both  places, 
is  not  very  cuiisiderable  ,  a  siinilaritv  all  the  mow  rLinarkable,  wh'-u  we 
coiibi(h  r  the  great  difference  in  ])osiiioa  and  latitude  of  the  inland  and  the 
insular  stations.    See  Diagram  III. 

It  would  be  siiperflnons  to  enter  into  any  further  discussion  of  the 
rarions  alternations  which  the  coeflicients  are  susceptible  of,  in  a  paper 
whieli  is  merely  intended  to  direct  attention  to  tlie  accompanying  diagrams 
and  analytical  tables.  My  mulivc  for  venturing;  to  bring  tlicm  niider  notice 
is  a  desire  to  place  them  in  tlie  hands  of  those  better  qualified  than  I  am 
for  conducting  jtroccsses  of  induction  ;  and  as  the  modifieil  plan  I  liave 
adopted  is  based  upon  long  recognized  principles,  which  are  applicable  to 
the  investigation  of  atmospheric  phenomena  in  any  locahty,  I  trust  that  it 
may  be  deemed  worthy  of  consideration. 

IV.  Monthly  Magnetic  Determinations,  from  June  to  November 
1866  inclusive,  made  at  the  Observatory  at  Coiaibra,"  by  Professor 
J.  A.  Di:  SouzA,  Director  of  the  Observatory.  Couiuumicated 
(with  a  Note)  by  the  President.  Received  May  8,  1867. 

[Note. — These  obscrrations  contain  the  record  of  the  commencement 
of  the  absolute  magnetic  determinations  at  the  Coimbra  Observatory,  with 
instruments  procured  by  M.  de  Souza  at  Kew,  and  on  the  system  of 
observation  and  reduction  adopted  at  the  Kew  Observatory.  The  employ- 
ment of  the  photographic  continuously  self-recording  instruments  at 
Coimbra  has  hitherto  been  delayed  by  the  works  required  for  the  introduc- 
tion of  gas  into  the  Observatory  ;  but  this  has  now  been  accomplished ;  and 
a  lett«r,  dated  April  20,  186^  from  the  Director  states  that  the  photo- 
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grapliic  records  were  at  that  date  OH  the  poiot  of  commeDeing.  The  latt* 
tude  and  longitude  of  the  ObeerTatory  are  40*"  12'*d  N.,  and  S""  25'  W.^ 
£.  S.] 

Ohervati9H9  of  J}eJUeiiont  FthraHon,  and  Dip  taken  at  the  Coimbra 

Oheenatory,  186$* 

The  horizontal,  vertical,  aud  total  forces  are  calculated  to  Eugli^ 

measure. 

The  vertical  and  total  forces  are  obtained  from  the  absolute  measures  of 

hori/.uutal  force  and  dip. 

The  value  of  log  ir^K  determined  at  the  Kew  Observatory  )s=  1*64329 
at  temp.  62®  Fahr. 

The  value  of  log     is  =6-30-187. 

The  values  o^'  tin  coefficients  7  and  q'  are  respectively  0*000128, 
0'UUUUU030.  Tiie  temperature  correction  was  obtained  from  the  formula 
^  (f  — 38)  +  </' (/q — 3Sy\  The  correction  for  error  of  graduation  of  the 
detlectioi!-har  at  10  foot  is  =-()  ()(}()()(;,  at  1-3  is  =—0-00024.  The 
time  of  one  vibraiirm  lias  l)riMi  obtaiiu d  tVom  the  mean  of  twenty-four  de- 
terminations of  the  time  ot  100  vibrBtimis. 

The  imL:le«i  of  deflection  arc  each  the  mean  of  two  determiuntions.  The 
ditJVi  cnre  l)("lween  the  angles  of  every  pair  was  fouTul  always  kss  than  10". 

Ill  ikducin!!;  from  these  observations  the  ratio  and  ]»roduct  of  tlic  mag- 
netic moment  m  of  the  magnet,  and  of  the  cartli'a  horizuatal  magnetic  in- 
tensity X,  no  correction  has  been  required  for  the  rate  of  the  chronometer, 
or  for  the  initial  and  tcrminnl  semiarcs  of  vibration,  the  former  having  been 
always  less  than  2*  0,  aud  the  latter  less  than  70'  at  commencement,  and 
30'  at  end. 

But  thv  induction  and  tempernture  corrections  have  always  been  applied, 
and  the  observed  time  of  vibration  has  been  corrected  for  the  effect  of  tor- 
sion of  the  suspending  tlirend. 

The  torsion  for  90^  was  found  no  less  than  5'' 18,  and  no  greater  than 
8'-C7. 

In  the  calculationa  of  the  ratio     the  third  and  tubsequent  termiof  the 
P  O 

aeries  1 4-  +  &c.  have  been  omitted.   The  value  of  the  constant  P 

K  r* 

was  found  to  be  =  —0-002231 7,  hy  the  mean  of  thirty-one  determinations 
obtaiiK'd  each  from  two  pairs  of  deflection  obserrations  at  distances  1*0  and 

1*3  foot. 

The  horizontal  force  for  each  day  is  the  mean  of  those  calculated  for 

each  pail  of  deikxlious  at  distances  1*0  and  1*3  foot. 
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Prof.  G.  G.  Stokes  on  ih4  Internal 


[May  16, 


May  IG,  1867. 
WILLIAM  BOWMAN,  Esq.,  V.P.,  io  Ac  Chair. 

The  Bight  Honourable  Lord  Chief  Justice  Bovill  was  admitted  iDto  the 
Society, 

The  following  comiiuinicatious  were  read  :— 

I.  "Oa  the  Internal  Distribution  of  Matter  which  sliall  produce 
a  given  Potential  at  the  Surface  of  a  Gravitating  Mass."  By 
G.  G.  Stokl's,  M.A.,  Sec.E.S.,  Lucasian  Professor  of  Mathemattca 
in  the  University  of  Cambridge.   Received  April  18^  1867. 

It  is  known  that  if  either  the  potential  of  the  attraction  of  a  mass 
attracting  according  to  the  law  of  the  inverse  square  of  the  distance, 
or  the  normal  component  of  the  attraction,  be  given  all  over  the  surface 
of  the  mass,  or  any  surface  enclosing  it  (which  latter  case  may  be 
included  in  the  former  by  regarding  the  internal  density  as  null  between 
the  assumed  enclosing  surface  and  the  actual  surface),  the  potential  and 
consequently  the  attraction  at  all  points  external  to  the  surface  and  at  the 
surface  itself  is  determinate.  This  proposition  leads  to  results  of  particular 
interest  when  applied  to  the  Earthi  as  I  showed  in  two  papers  published 
in  1849*,  where  among  other  things  I  proved  that  if  the  surface  be 
assumed  to  he,  in  accordance  with  observation,  of  the  form  of  an  ellipsoid 
of  revolution,  Clairant's  Theorem  follows  independently  of  the  adoption  of 
the  hypothesis  of  original  floidUty,  or  even  of  chat  of  an  internal  arrange- 
ment in  nearly  spherical  strata  of  equal  density. 

But  though  the  law  of  the  variation  of  gravity  which  was  originally 
obtained  as  a  consequence  of  the  hypothesis  of  primitive,  fluidity,  and  was 
afterwards  found  by  Laplace  to  hold  good,  on  the  condition  that  the 
surface  be  an  ellipsoid  of  revolution  as  well  as  a  surface  of  equilibrium,  pro* 
vided  only  the  mass  be  arranged  in  nearly  spherical  strata  of  equal  density, 
be  thus  proved  to  be  true  whatever  be  the  internal  distribution,  the  questioa 
may  naturally  he  adced,  Boes  not  the  condition  that  the  potential  at  the  sor- 
face  shall  have  its  actual  value  require  that  the  internal  distribution  shaU  be 
compadbk  irith  that  of  a  fluid  mass,  or  at  any  rate  shall  be  sach  thai  the  whole 
mass  shall  be  arranged  in  nearly  spherical  strata  of  equal  density?  Such  a 
question  was  in  fact  asked  me  by  an  eminent  mathematician  at  the  time  to 
wMch  I  have  alluded.  I  replied  by  referring  to  the  well-known  projfcrty  of 
a  sphere,  aecordmg  to  whidi  a  central  mass  may  be  distributed  nnifortnly 
over  its  surfiue  without  aflecting  the  external  attraction,  by  applying  which 
proposition  to  a  mass  such  as  the  Earth  we  may  evidently,  without 
affecting  the  external  attraction,  leave  a  large  exeentricaUy  situated  cavity 

*  '•  On  Attractions,  and  on  Clairaut's  Theorem, '"  Cuuilin  1^'*^  and  Dublin  Matlie- 
Diaticai  Journal,  vol.  iv.  p.  104 ;  and  "  On  the  Variation  of  UravUjr  at  the  Surface  <A 
the  SMli,*  Cambridge  rhiloeopbioil  TraassotioDi^  vol.  viiL  p.  672. 
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absolnteljT  TacQOOi,  the  matter  previously  within  It  having  been  dutribnted 
onlside  it.  It  Is  known  fnrdier  that  the  mass  of  a  partide  may  be 
dbtribnted  over  any  sur/act  whaUoever  enclosing  the  particle  without 
affecting  the  external  attraction,  and  in  this  way  we  see  at  once  that  we 
maj  leave  any  internal  epaee  we  pleaee,  however  excentricall/  situated, 
wholly  vaeuons  s  nor  is  it  necessary  in  doing  so  to  introduce  an  infinite 
density,  by  distributing  the  whole  mass  previously  within  that  space  over 
its  surface,  since  that  mass  may  be  conceived  to  be  divided  Into  an  infinite 
number  of  infinitely  small  parts,  which  are  respectively  distributed  over 
an  infinite  number  of  surfaces  snrrounding  the  space  in  question.  These 
cionsiderations,  however,  though  they  readily  show  that  the  internal 
distribution  may  be  widely  different  from  any  that  is  compatible  with  the 
hypothesis  of  primitive  fluidity,  do  not  lead  to  the  general  expression  for 
the  internal  density.  Circumstances  have  recently  recalled  my  attention 
to  the  subject,  and  I  can  now  indicate  the  mode  of  obtaming  the  general 
expression  required  in  the  ease  of  any  given  surface. 

Let  the  mass  be  referred  to  the  rectangular  axes  of  a,  y,  and  let  p  be 
the  density,  V  be  the  potential  of  the  attraction.  Then  for  any  internal 
point  V  satisfies,  as  is  well  known,  the  partial  differential  equation 

or  as  it  may  be  written  for  brevity  W=0.  This  equation  may  be  ex- 
tended to  all  space  by  imagining  the  body  continued  infinitely,  but 
having  a  density  which  is  null  outside  the  limits  of  the  actual  body ;  and 
by  adopting  this  conTeution  we  need  not  trouble  ourselves  about  those 
limits.  Conversely,  if  Y  be  a  continuously  varying  function  of  or,  y, 
which  vanishes  at  an  infinite  distance,  and  satisfies  the  partial  differential 
equation  (1),  Y  is  the  potential  of  the  attraction  of  the  mass  whose  density 
at  the  point  (r,        is  p;  or,  in  other  words, 

V=JJJij!  A   (2) 

where  r  is  the  distance  between  the  puinU  (x,  y,  and  ,  i/',  i  ),  p'  Llic 
density  at  (x*,  y',  *'),  and  the  limits  nre  —  x  to  +x,  is  the  complete 
integral  of  (1)  subject  to  the  condition  that  Y  shall  vanish  at  au  la- 

fiiiilc  dii>taiice. 

This  may  be  proved  in  different  ways ;  most  directly  perliaps  by  taking 
the  expression  for  the  potential  (U  suppose)  which  iorms  the  right-iiand 

member  of  (2),  substituting  for  p'  its  equivalent  — VV\  V'  being  the 

same  function  of  a-',  y',  s  that  V  is  of  x,  y,  and  transforming  the  integral 
in  the  manner  done  by  Green*,  wlicu  we  readily  find  Us=Y. 

*  Essny  on  the  Ai»p!ication  of  Matliiinatioal  Aiialj-sis  fo  the  Thfories  of  Eiectrioily 
and  Magnetism,  Xottingbaui,  1828,  Art.  o:  or  the  reprint  in  CroUo's  Journal,  vol.  xliv. 

p.seo. 
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Sitppose  now  that  we  have  a  sivcn  closed  surface  S  contninitii;  witiiin  it 
all  the  attracting  ui.aiti,  uu  l  tiiat  the  potential  Las  a  ^i\cii,  in  eencra! 
rariable,  value  V^,  at  the  surface.  For  the  portion  of  space  external  to 
S,  V  is  to  he  (letermined  by  (he  general  equation  W=0,  aiiLject  to  the 
conditions  V  =  Vp  nt  the  surface,  and  V=0  at  au  infinite  distaiicp-  We 
know  tiint  the  pr()l;lcM)  of  dcterniliilng  V  under  these  circumstances  admits 
of  one  and  but  one  solution,  tiiough  it  is  only  for  a  very  lin)ited  imttibef  of 
forms  of  the  surface  S  that  the  solution  can  actuallj  be  effected.  Conceive 

the  problem,  however,  lolrecl,  and  iVom  the  ndiition  let  tbe  value  of  ^ 

nt  the  surface  be  found,  y  Ix'ing  measured  outwards  along  the  normal. 
Now  complete  V  for  intiaite  sjjace  hy  assigning  to  the  space  within  S  any 
arbitrary  but  continuous*  function  we  please,  subject  to  the  two  conditions, 
1st,  that  nt  the  surface  it  is  equal  to  the  given  fuuction  V^;  2udiy«  that  it 

gives  for  the  yalae  of      at  the  surface  that  alreadj  got  from  the  soliitbn 

of  the  problenj  referred  to  iu  tins  panu'raph.  This  of  course  may  be  done 
in  an  infinite  number  of  ways,  jusL  a  -  we  may  in  au  infinite  number  of  ways 
join  two  jwiiit-  in  a  ]ilane  by  a  continuous  cnrve  starting  from  the  two 
points  respectively  in  given  directions,  which  curve  may  he  either  expressed 
by  some  algebraical  or  tniu.-c  ndental  equation^  or  conceived  as  drawn 
liberd  manu,  and  thought  of  independently  of  any  idea  of  algebraical  ex- 
pression. The  function  V  having  been  thus  assigned  to  the  s]>Rce  internal 
to  8,  the  equation  (I)  gives,  according  to  wiiat  we  liave  seen,  the  most 
general  expression  for  the  density  of  the  intenutl  matter. 

There  is,  however,  no  distinction  made  in  this  between  ])ositive  and 
negative  matter,  and  if  we  wish  to  avoid  introducing  negative  niaiier  we 
must  restrict  the  funciiuu  V  for  the  space  internal  to  S  to  satisfy  the 
imparity 

  d^^  d^'^  dz'^^' 

It  is  easy  from  the  general  ezpMiQii  to  showy  vbai  ii  already  knom^ 
thai  the  matter  may  be  distributed  in  an  in^uitely  thin,  and  oonsequantly 
infinitely  dense  stratum  over  the  surfaee  S,  and  that  sneh  a  disttibutUMi  is 

determinate. 

We  know  that  tliere  exists  one  and  but  one  eontiniions  funetion  applying 
to  the  space  within  8  which  satisfies  the  equation  TVasQ,  and  is  equal  to 

*  To  avoid  prolixity,  I  include  in  **  continuous  "  the  requirement  that  the  diflercntlsl 
ooefflcients  of  the  function,  to  any  order  required,  AtM  vary  oontinuouely.  What  tint 
order  may  be  it  W  perfeotly  eaqr  ia  aaj  ease  to  see.  We  of  ooune  imegiif  diatri* 
btttione  in  which  the  density  beoomet  infinite  at  one  or  more  pointy  lines,  or  aurlaeM, 
but  80  thai  a  finite  Tolumc  rontains  only  a  finite  mass.  Hut  such  distributions  nmj 
be  regartled  a«  limiting,  and  therefore  particular,  rasrs  of  u  fliftribntion  In  wlii.  h  tli(» 
denaity  is  finite ;  and  therefore  the  supposition  that  {  is  finite,  does  not  in  effect  liirit  the 
genenlify  of  ow  results. 
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Y«  at  the  surface.  Call  this  functioa  V^.  It  la  to  be  remarked  that  the 
value  of  -j^  at  the  surface  la  not  the  same  as  that  of  V  heing  the  ex- 
ternal potential,  though  V,  and  Y  are  there  each  equal  to  V^.  The  argument, 
it  is  to  be  observed,  does  not  assume  that  the  two  are  different  \  it  merely, 
aroids  assuming  that  they  are  the  same ;  the  result  will  proTe  that  they 
cannot  be  the  same  all  over  S  unless  the  density,  and  consequently  the  po- 
tential, be  everywhere  null,  and  therefore  y,,=sO*  Now  attribute  to  the 
interior  of  S  a  function  V  which  is  equal  to  V,  except  over  a  narrow  stra- 
tum adjacent  to  S,  the  thickness  of  which  will  in  the  end  be  supposed  to 
Touish,  within  which  Y  is  made  to  deviate  from  Y,  in  such  a  manner  as 

to  render  the  variation  of       continuous  aaJ  rapid  iuatead  of  abrupt. 

On  applying  ofiuation  (I),  wc  see  that  the  density  is  everywhere  null 
except  within  tliis  stratum,  in  which  it  is  very  great,  and  in  the  limit 
infinite.  For  the  total  quantity  of  matter  contained  in  any  portion  of  the 
stratum,  we  have  from  (h) 

the  integration  extending  over  that  portion.  Let  the  portion  in  question  he 
that  corresponding  to  a  very  small  area  A  of  the  surface  8 ;  we  may  sup- 
pose it  bounded  laterally  by  the  ultimately  cylindrical  surface  generated  by 
a  normal  to  8  which  travels  round  the  perimeter  of  A.  Taking  now 
rectangular  coordinates  X,  /i,  r,  of  which  the  last  is  parallel  to  the  normal 

at  one  point  of  A,  since  V  is  not  changed  in  form  by  referring  it  to  a  new 
set  of  rectangular  axes,  wc  have  for  the  mass  required 

Of  the  difl\!rential  coefficients  within  brackets,  the  last  alone  becomes  innuite 
wrhen  the  thickness  of  the  stratum,  and  consequently  the  range  of  integra-' 
tion  relatively  to  A,  becomes  infinitely  small.   We  have  in  the  Umit 


J": 


d^       dv     d¥  * 


both  differential  coefficients  having  their  values  belonging  to  the  surface. 

Hence  we  have  ultimately  for  the  mass 

43r\  dv      dy  J 

Hence,  if  ts  be  the  superficial  density,  defined  as  tlie  limit  of  the  mass 
eorrespottding  to  any  small  portion  of  the  surface  divided  by  the  area  of 
that  portion, 

„_iA/v,  dy\  .3. 

which  IS  the  knOwif  elpreniom 
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la  aisigoiiig  arbitrarily  a  fnDction  Y  to  tlie  interior  of  S«  in  order  to  get 
the  internal  density  by  the  application  of  the  formula  (1)>  we  mttj  if  we 
pleaae  discard  the  second  of  the  conditions  which  Y  had  to  satisfy  at  the 

surface,  namely,  that  'J^^~^~f       ^  ^^^^  <^<^  ^  ^^^^  mas^  of  Suite 

density,  determined  by  ( 1 )  must  be  added  an  infinitely  dense  and  infinitclj 
thin  stratum  extending  OTcr  the  surface,  the  finite  superficial  density  ot 
this  stratum  belug  given  by  (3) . 

Ve  hare  seen  that  the  determination  of  the  most  general  internal 
arrangement  requires  the  solution  of  the  problem.  To  determine  the  poten- 
tial for  space  external  to  S,  supposed  free  from  attracting  matter,  in  terms 
of  the  given  potential  at  the  surface ;  and  the  determination  of  that  parti- 
cular arrangement  in  which  the  matter  is  wholly  distributed  over  the  aor- 
Ikce,  requires  further  the  solution  of  the  same  problem  for  space  internal 
to  S.  If,  however,  instead  of  having  merely 'the  potential  given  at  the 
surface  S  we  had  given  a  particular  arrangement  of  matter  within  S,  and 
sought  the  most  general  rearrangement  which  should  not  alter  the  potential 
at  S,  there  would  have  been  no  preliminary  problem  to  solve,  smce  Y,  and 
therefore  its  differential  coefficients,  are  known  for  space  generallj,  and 
therefore  for  the  surface  S,  being  expressed  by  triple  integrsls. 

Instead  of  having  the  attracting  matter  contained  within  a  dosed  snrbee 
S,  and  the  attraction  considered  for  spsce  external  to  S,  it  might  have  been 
the  reverse,  and  the  same  methods  would  still  have  been  applicable.  Tht 
problem  in  this  form  b  more  interesting  with  reference  to  electricity  than 
gravitation. 

IL  *^  On  the  Integrability  of  certain  Partial  Diflfereutial  Equations 
proposed  by  Mr.  Airy."  By  R.  Moo\,  M.A.,  late  Fellow  of 
Queen's  College^  Cambridge.  CommuDicatcd  by  Professor  J*  J. 
Syly£8T£&.   Keceived  April  30, 1867. 

(Abstract.) 

The  equation 

where  m,  fl,  y  are  functions  of  x,  iucludes  two  equations  recently  proposed 
for  solution  by  Mr.  Airy,  and  afibrdsagoodillnstration  of  the  ordinary  in- 
capacity of  partial  differential  equations  of  the  second  order  for  solutions 
inroWing  arbitrary  functions. 

If  the  above  equation  admit  of  an  integral  solution  containing  one  or 
more  arbitrary  functions,  it  must  be  capable  of  being  derived  from  an  equa* 
tion  of  the  form 
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where  F  and/are  defioite,  and  ^  is  arbitrary.   Fromthis  last  we  get 

F(»)+F'(r)p=f(/)[/'(x)4-/'W/»f, 

F'(y)+F'(r)5=0'(/){/(y)+/'W!/} ; 

and  eliminating  ^'  between  these,  we  shall  arrive  at  an  eqnntion  between 
acyzitq  which  is  t!io  only  i>artial  differential  equation  of  the  hrst  order  free 
from  arbitrary  functiona  which  is  obtainable  from  (2)  without  assigaiug  to 
<p  a  definite  form. 

Hence  (I;  must  be  derivable  from  an  equation  of  the  form 
or  of  the  form 

0=?+XJtyf|»),  (3) 

wliere/is  definite.   Differentiatiog^  we  hare 

^fultiplyiug  the  second  equation  by  A  (where  A  Is  any  fanction  of  s^sp^^ 
and  adding,  we  gel 


If  (1)  admite  of  a  solution  of  the  form  (2),  (1)  must  be  identical  with 
(4),  or  be  capable  of  becoming  so  by  virtue  of  (3).  Hence 

0=A+/'(i>).  -a^^kfip), 
fr+y^-/'(y)+A/'(a;)+(Ap^/y'W.     .   •  (5) 
From  the  two  first  we  get 

f'{p)-±»»  A=+a. 
Hence/ most  satisfy  doM  the  equations 

0»/^(y)  +  a/'W-(/±«i»)/'W-0^+y*)J     •  ' 
The  first  gives  us 

"where  T  is  fttbitrury.    ^Substituting  this  value  in  (0},  observing  that 
we  get   


TOL,  XV,  2  8 
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But  F  contains  only  xi/c  ;  lience,  in  order  thai  tUia  last  equatiou  may  hold, 
the  coeflicieut  of  p  must  =0,  t.    we  must  have 

0=±2aF'(.-)+(/34-a^),  (8) 

in  which  case  (7)  reduces  to 

0=F'(y)qpaF'(^)-F.F{r)-yr,         .    .    .  (9> 

Fmnst  satisfy  1?olh  (8)  and  (9). 
By  iotegratiuu  of  (8)  we  get 

Substituting  this  in  (9),  observing  that 

we  get 

0=F',(,):,.F;(.)-.^^,(^^g). 


(10) 


But,  since  F,  contains  x  and  y  only,  in  order  that  this  may  hold  wo  must 
have  the  coefficient  in  it  of  «  s  0.  t,  e. 


dx  2\a     d^J  -iU 
in  which  case  (10)  becomes 

0-r.(y)  +  «F/(x)±^(/i  +  ^3.F., 
whence  by  integration  we  get 

where  ^  is  arbitrary. 
Xiencc  wc  get  for  the  hrst  integral  of  (i)  when  (10)  U  saiitfied, 

whence  by  ordinary  integration  we  obtain  the  complete  integral  of  the  foroq, 
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We  have  above  a  Terj  simple  example  of  a  general  principle^  vis.  tbat  in 
order  that  a  partial  differential  equation  of  the  second  order,  or  a  pair  of 
simultaneous  partial  differential  equations  of  the  first  order,  may  admit  of 
«  solution  oontainiug  arbitrary  functions,  the  coefficients  must  satisfy  a  cer> 
tarn  equation  of  condition  $  from  which  it  follows  that,  except  in  the  sim- 
plest instances  (in  which  the  terms  of  the  equation  of  condition  vanish), 
there  is  a  moral  certainty  that  such  a  differential  equation  or  pair  of  equa- 
tions which  have  not  heen  specially  selected  for  the  purpose,  and  whose  eo- 
efieienit  do  notinvolife  a  dispoHible  quaniifi/  by  which  the  equation  of  wn* 
ditiok  may  he  Httiejied,  will  not  admit  of  a  solution  iuTolving  arbitrary 
functions. 

The  equations  applicable  to  the  motion  of  an  elastic  flmd  along  the  axis 
of  a  tube  afford  a  remarkable  illustration  of  the  scope  of  these  remarks. 

Those  equations  consist  of  a  pair  of  partial  differential  equations  of  the 
first  order  invohing  Jiot  variables,  viz.  y,  t,  p,  v,p;  and  it  may  be  shown 
iipriori,  that  when  derived  upon  a  true  theory  they  must  be  capable  of  a 
solution  containing  two  arbitrary  functions ;  from  which  it  follows  that  a 
third  equation  will  require  to  be  satisfied.  For  this  purpose  we  have  p,  the 
pressure,  ready  to  our  hands. 

'  From  the  fact  of  the  existence  of  the  equation  of  condition  not  having 
been  suspected  by  (he  founders  of  the  theory  of  finid-motion,  at  the  same 
time  that  it  was  absohitely  necessary  for  them  to  assign  a  form  to  they 
bad  recourse  for  that  purpose  to  an  enijiirical  iTicthod  ;  thus,  on  the  one 
hand,  depriving  us  of  the  power  of  sutij>fyiii^  the  requirements  of  the  pro- 
blem, and  on  the  other,  abandoning  the  means  for  the  determination  of  p 
which  the  analysis  furnislies. 

It  cannot  be  matter  of  surjirise  that  the  law  of  pressure  suggested  under 
tlicse  circunistauccs  should  be  nitirLlv  erroneous,  as  (bv  two  otlier  iude- 
j)ciulent  methods,  one  founded  upon  purely  j)hysical,  llic  ulker  upon  purely 
analytical  considerations)  I  have  elsewhere  shown. 

III.  "  On  the  Lunar  Atmospheric  Tide  at  Melbourne.'*  By  Dr.  G. 
Neumayer,  late  Director  of  the  Flagstaff  Observatory,  Mem. 
Acad.  Leop.  Communicated  by  LieuU-Qen.  Sabins,  President. 
Received  April  10, 1867. 

Anxious  to  assist  the  development  of  so  interesting  a  branch  of  know- 
ledge on  the  connexion  of  forces  in  nature  as  the  mfluence  our  satellite 
exerts  upon  the  earth's  atmosphere,  1  had  made  it  a  point  to  include 
investigations,  tending  to  facOitate  studies  in  this  direction,  in  the  plan  of 
discussion  of  the  observations  made  at  the  Flagstaff  Observatoiy  about  to 
be  published.  Fully  aware  that  a  geographical  position,  such  as  tiaat  of  Mel- 
bourne (Sr  48'  45"  south  lat.  and  9*"  39"  53»  east  long.),  affords  but  veiy 
few  chances  for  arriving  forthwith  at  a  result  which  might  be  regarded  as 
final,  I  thought  it  nevertheless  of  the  highest  importance  to  decide  how 
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far  and  to  what  an  extent  Bttch  emali  oicflUitiona  as  those  in  qiieation«  and 
whieh  for  lower  latitudes  have  already  heeu  proved  to  esUt»  would  make 
themsehes  manifest,  in  spite  of  the  great  atmospheric  distnrlNUioes  of 
higher  latitudes.  The  Tolume  of  disensnons  above  referred  to  oontuna 
consequently  the  results  of  the  reduction  and  classification  of  upwards  of 
43,500  hourly  observations  ou  pressure  of  air,  registered  during  die  period 
from  the  Ist  of  March  1858  to  the  28th  of  February  1863;  and  in  pub* 
lishing  these  results  I  was  chiefly  guided  by  the  conviction  that  it  would 
hardly  be  compatible  with  the  scope  of  such  a  work  to  enter  upon  a  full 
discussion  of  the  phenomena  connected  with  the  lunar  influence  on  the 
barometer ;  while  a  complete  reduction  and  classification  would  make  the 
observations  apt  to  be  taken  up  by  any  one  interested  in  this  matter  for 
the  purpose  of  being  subjected  to  a  rigorous  examination  and  discusabn. 
While  engaged  upon  this  task,  I  could  not  fail,  however,  to  be  struck  by 
some  very  interesting  facts  which,  though  they  are  far  from  being  reducible 
to  definite  laws,  may  serve  to  furnish  some  connecting  links  with  respect  to 
atmospheric  tides,  and  to  give  evidence  as  to  the  possibility  of  proving 
their  existence  even  in  as  high  a  latitude  as  that  of  Melbourne.  A  suocessfoi 
attemptat  a  complete  solution  of  the  problem  may  only  be  hoped  for  when 
a  larger  number  of  discussions  on  barometrical  observationsi  collected  at 
ectropical  station^  will  be  at  our  command. 

Prior  to  entering  upon  the  task  proposed,  it  appears  desirable  to  give  a. 
few  particuhirs,  requisite  for  a  full  understanding  of  the  suligoined  results. 
The  geogrnphical  position  of  the  Flagstaff  Observatory  was  already  men- 
tioned, and  it  remains  only  to  be  added  that  the  standard  barometer  was 
one  of  Kewmao*s  construction,  0*400  mch  in  diameter,  its  dstem  being 
1207  feet  above  the  mean  level  of  the  sea.  A  few  &cts  respectmg  the 
oceanic  tides  gleaned  from  '  the  Sailing  Directbns  for  Fort  Phillip/  by 
Capt.  Ferg\ison  (1661)»  may  also  find  a  place  here. 
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There  is  no  necessity  for  entering  more  fully  bto  a  description  of  the 
method  employed  in  freeing  the  barometrical  observaUomi  from  the  regular 
diurnal  fluctuation  and  arranging  the  remainders  7  according  to  lunar 
tame,  inasmuch  as  this  method  is  quite  identical  with  the  one  employed 
b^all  who  have  directed  their  attention  to  this  subject,  as  General  Sabine, 
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Professor  Kreil,  and  others.  This  much  may  be  stated,  however,  that  the 
reading  of  the  barometer  {b\  after  being  reduced  to  32^,  wm  invariably 
increased  by  1  inch,  in  order  that  it  may  always  exceed  the  mean  pressure 
for  the  respective  hour  (3),  thereby  avoiding  negative  results.  This  has 
certainly  the  disadvantage  of  not  exhibiting  at  a  glance  the  excess  or  defect 
of  atmospheric  pressure  at  anytime ;  on  the  other  hand,  there  Is  no  doubt 
that  a  mistake  with  regard  to  the  algebraic  sign  of  the  reminders  is  not 
likely  to  occur.  In  the  subsequent  Tables  it  was  made  a  rule  to  reduce  the 
values  h-^b  to  their  mean  value  for  «  month,  year,  or  whatever  other 
period  of  time  they  may  refer  to. 

The  remainders  h — b  were  derived,  in  the  manner  just  pointed  out,  for 
every  month  throughout  the  period  of  five  years  for  which  the  observa- 
tions  were  continued.  Then  the  means  for  every  month  and  hour  were 
taken,  thus  obtaining  normal  values  for  the  several  months  ;  a  general 
mean  for  even  montli  farmed  the  basis  to  which  those  norninl  vahics  were 
referred.    The  subjoined  Table  shows  the  result  of  this  })rocceding. 

The  values  of  the  above  Table  have  been  thrown  into  curves,  and  Plnt  e  I. 
shows  the  results.  The  actual  mean  values  are  indicated  by  dots;  a  full- 
drawn  curve  is  m.uk  to  pass  through  and  between  tlicia  in  such  a  mauuir 
as  to  eliminate  the  greater  irregidarities.  Soimc  uf  those  irregulanUes  arc 
so  large  as  to  cause  the  res[)cctivc  dots  to  be  disconnected  with  the  series  to 
■which  they  belong,  and  it  became  therefore  necej>sary  to  iuciicute  this  con- 
nexion by  slight  dotted  lines. 

On  glancing  over  this  series  of  curves  we  camict  fail  to  observe  a  great 
regularity,  pointing  at  some  cause  common  to  all;  and  as  the  reuiaiiulers 
h  —  b  have  been  arranged  according  to  the  union's  hour-angle,  \vc  may 
justly  look  to  the  moon  as  the  primary  cause.  But  it  is  nevertheless  true 
that  those  curves  apjiatenily  pcmit  to  some  other  mllLunce,  most  likely  due 
*o  the  combintd  action  of  the  sun  and  moon.  The  montiiiv  curves  for  the 
several  years  of  observation  have  also  been  drawn,  though  we  refrain  from 
adding  the  results  here  ;  and  the  fact  that  iliey  correspond  in  the  main 
points  with  those  shown  en  Plate  I.,  seems  to  justify  our  attaching  parti- 
cular weight  to  the  evidence  of  the  moon's  inlluejjce  on  our  atmosphere,  as 
conveyed  to  our  minds  bv  the  above  Tables.  But  prior  to  entering  fully 
upon  the  various  pnmt^  l)i  u  iug  on  liie  (juestion  at  issue,  we  need  to  form 
of  the  moiitlily  Ksulfs  (|uaitt'iiy  and  semiannual  groups.  If  we  call  March, 
April,  May  liic  tir<t,  June,  July,  August  the  second,  Sejitember,  October, 
November  the  third,  and  December,  January,  February  the  fourth  quarter, 
we  n1)tnin  the  quarterly  means  inserted  in  the  following:  Table.  It  wiis 
furthcruiore  lonsidercd  serviceable  to  the  purpose  to  gr  iij)  together  those 
quarters  in  -wliich  the  cpoelis  of  solstices  and  equinoxes  respectively  occur, 
under  the  colitcUve  names  "solstitial  and  equinoctial  quarters."  The  semi- 
annual periods  comprise,  as  usually,  the  months  from  April  to  Septcnsbc  r, 
and  thooc  from  October  to  March.  The  mean  of  fdl  the  \nrious  hc)urly 
values  represents  the  mcau  lunai-duirnal  variation  in  prci-sure  of  air  for  the 
year. 
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The  curves  derived  from  tbe  results  of  this  Table  ere  shown  on  Plate  XI., 
with  the  exception  of  the  semiannnal  and  annosl  enrres  which  nay  be 
studied  on  Plate  X. 

Glancing  at  the  yarious  corres  thus  resulting,  we  are  first  struck  by  the 
great  conformity  of  some  of  them,  whilst  others  present  inegnhuitiet 
apparently  quite  irreconcileable  with  what  we  feel  inclined  to  adopt  as  the 
law.  There  ts^  however,  in  all  cases  manifested  a  progressive  change, 
evidently  depending  on  the  moon's  hour-ani^e  in  the  first  instance,  calling 
for  a  rigorous  examination.  The  semiannual  curves  of  the  lunar-dinnial 
variation  of  atmospheric  pressure  may  be  taken  as  representing  the  prin* 
cipal  types  of  the  various  monthly  curves.  During  the  sun*s  absence  from 
the  hemisphere  (in  our  case,  when  the  sun*s  declination  is  north),  from 
April  to  September,  the  lunar  variation  reaches  its  maximum  at  about  23^  1 5*, 
or  45*  prior  to  the  moon's  upper  transit,  its  minimum  value  occurring  at 
19**  and  a  secondary  one  at  2\  with  a  range  of  0*00653  indi.  Tbe  curves 
for  the  single  months  appertaining  to  thia  semiannual  period  exhibtt, 
geiiernlly  speaking,  the  same  characterise,  though  somewhat  irregular,  and 
showing,  in  some  instances,  deviations  of  considerable  extent ;  sob  ibr  in* 
stance,  the  curves  for  August  and  September.  The  summer  semiannoal 
curve  (while  the  sun's  declination  is  south)  exhibits  an  essentially  different 
character,  there  being  no  strongly  expressed  maximum  noticeable,  whilst « 
decided  minimum  occurs  at  0^  30*  or  30"  past  the  moon's  upper  passage, 
the  maximsl  pressure  tnking  place  at     and  a  secondary  one  between  18* 
and  19V   The  amplitude  of  oscillation  amounts  to  0*00432  inch.   But  in 
thio  period  of  the  year  we  notice  a  great  difference  in  the  lunar-dinmni 
variation  of  the  barometer,  when  we  examine  the  nngle  months  somewhat 
more  closely ;  thus,  for  instance,  the  curve  for  the  month  of  December  showa 
such  characteristics  as  to  cause  it  to  be  more  like  the  cnr?e8  for  the  winter 
period,  and,  on  the  other  hand,  we  perceive  that  the  curve  for  the 
month  of  November  is  exactly  of  the  opposite  character  as  that  for  Be^ 
cember.    The  remaining  four  months  show  more  or  less  irregularity,  and 
make  a  greater  or  smaller  approach  towards  the  general  type  for  the  c1a.«s 
under  consideration. 

Although  there  is  undouhtodly  in  all  of  these  cases  strong  evidence  of  an 
influence  of  the  moon  on  our  atmosphere,  I  could  not  rest  satisfied,  con- 
sidering  that  this  evidence  is  seemingly  of  a  somewhat  conflicting  nature. 
As  already  explained,  the  monthly  values  have,  for  the  purpose  of  further 
inquiry,  been  combined  into  qunrters,  and  the  results  for  these  quarters 
were  again  united  in  mean  values,  arranging  the  two  quarters  in  which 
epochs  of  solstice  occur,  and  the  remaining  two,  comprising  the  equinoxes, 
respectively,  in  two  groups.  Tiius  we  obtniu  six  monthly  mean  values  of 
the  lunar-diurnal  variation  for  the  "  solstitial  and  the  equinoctial  quarters." 
I  was  prompted  to  adopt  this  course  because  of  the  great  similarity  of  the 
curves  for  December  and  June  in  the  one  case,  and  of  March  and  Septem- 
ber in  the  other,  thQp^U  in  by  far  less  a  degree.    Tliis  gimilarity  may  best 
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be  judged  by  the  mean  vnliios  for  the  respective  two  months,  representing, 
as  they  do,  in  both  cases  a  distinct  oscillation  ^vith  nn  amplitude  of  0"*01 722 
fur  the  solstices,  and  of  0"*01011  for  the  equinoxes.  I  may  be  allouLil  to 
refrain  from  addinpj  here  these  mean  values,  sufhce  it  to  refer  to  the 
respective  curves  at  the  bottom  of  Plate  II.  For  December  aiul  .lime  we 
observe  the  maximum  to  occur  at  23'',  ihc  niinimuui  ai  or  shortly  after  8**, 
while  for  Scptendjtr  and  March  the  maximum  in  the  luiiar-diurnid  varia- 
tion of  pressure  of  air  takes  place  at  7''  and  thu  iniaiuiiuu  at  \  [)^\  The 
mean  fur  the  quarters  (each  embracing  six  months)  show  the  same  charac- 
teristics, thouj^h  by  far  less  in  extent,  the  ani]tiitudc  for  the  solstitial 
c^uarters  being  0  'UU7  l.»  i,  and  that  for  the  equinoctial  quarters  0"-006334. 

There  is  another  fact  which  re(iuiri's  to  be  pointed  out,  in  order  to  throw 
further  lii;ht  upon  the  character  of  these  oscillauuii> ;  namely,  that  they 
seem  to  bear  a  threat  resemblance  for  both  hemispheres  during  the  same 
senuannaal  period,  if  we  are  permitted  to  arrive  at  this  conclusion  by  re- 
ferring to  Pruf.  Kreil's  discussions  of  his  observations  at  Prague  (Versuch 
den  Einflnss  des  Mondes  auf  den  atmospherischen  Zustand  unserer  Erde 
aus  emjahrigen  Bcobachtungen  zu  erkennen,  1811).  The  semiannual 
curves  of  the  iunai-diai  iial  variation  of  the  baramelci  at  Prague  and  Alel- 
bourne  closely  correspond  during  the  months  from  A])ril  to  September,  and 
from  OcCobi'r  to  March,  which  seems  to  point  to  some  cause  common  to 
the  whole  globe  in  a  similar  manner,  as  we  know  it  to  be  with  res])ect  to 
the  extent  of  the  rise  of  the  oceanic  tides  at  the  time  of  the  solstices  and 
equinoxes.  It  would  be  premature  to  enter  now  n|H)u  any  speculation 
with  a  view  to  brin^  the  results  of  our  observations  in  accordance  with 
theory,  there  being  still  by  far  too  few  discu:$&iions  on  atmospheric  tidal 
observaligns  at  our  coiniitand. 

The  yearly  curve  of  the  lunar-diurnal  vai  iation  presents  some  peculiarly 
interesting  features,  differing  in  some  respects  from  the  results  of  similar 
inquiries  instituted  by  General  Sabme  and  Capt.  C.  M.  Elliot  with  sju  cial 
regard  to  the  lunar  atmospheric  tides  at  St.  Helena  ami  Singapore,  al- 
though the  plan  of  discussion  was  the  same.  The  lunar  horary  variation 
of  the  barometer  is  as  follows,  "  if  we  arrange  the  results  in  such  manner 
that  the  hours  are  combined  in  which  the  moon  is  similarly  tituated  in 
respect  to  the  meridian  **  (Sabine's  paper  "  On  the  Lunar  Tides  at  St. 
Helena") 
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In  both  cfiscs,  at  the  hom.^  foi;  )wingr,  and  at  those  preceding  tlie  meri- 
dian passage,  the  niininiurn  la  dcridedly  at  the  .'^nl  hour,  Nvliile  the 
inaxhnun  in  tlie  first  series  occurs  at  the  Otli,  and  in  the  second  at  the  1st 
hour.  At  Singapore  and  St.  Helena,  both  within  tlie  tro[>ic>',  the  hn^nr- 
diurnal  varintion  shows  a  maximum  at  the  Oth  and  a  minimum  nt  the  6th 
hour.  The  discussions,  based  on  observations  made  at  Prague,  ami  alrendv 
referred  to  nbove,  exhibit  a  greater  conformity  in  respect  to  tie  lunar 
tide:?  M  Melbourne  than  any  of  tlie  tropical  stations.  This  coulbrmity  is 
csjuciaiiy  clearly  expre.s'=:' d  m  tlie  series  for  "the  hours  following  the 
iiHiidian  passage"  (which  series  seems  to  present  in  er\eh  respective  case 
tiic  greatest  reliability),  and  \ve  observe  tliat  the  nnnmium  occms  nt  the 
3rd  and  Ith,  and  the  niaxijnum  at  the  Gth  hour.  lUit  in  turmng  I'rof. 
Kreil's  labours  in  this  direction  to  account,  wc  must  remember  that  they 
refer  to  a  period  of  only  one  year,  and  cannot  be  considered  as  present- 
ing great  guarantees  for  decisive  results,  especially  when  considering  that 
po  high  a  latitude  as  50^  H'  N.  would  rather  have  required  a  longer  period 
of  observation  than  is  necessary  to  prove  the  existence  and  character  of 
the  lunar  atmospheric  tides  within  the  tropics.  So  very  few  discussions  on 
this  topic  being  at  onr  command,  it  is  nevertheless  of  considerable  interest 
to  compare  the  results  for  Prague  with  those  at  St.  Helena,  Singapore,  and 
Melbourne,  at  done  in  the  tbllowing  little  Table : — 


Mean  nf  tliree 
vearh  at 
Singapore 
(+1°  19'). 

Mean  nf  two 
ycatrs  &l 
St,  Helena 

(-15°  57')- 

Mt»nn  of  five 

years  ut 
^ielbourne 
(-37"  48'). 

Mean  of  one  j 
year  al  | 
Prague  1 

h 

in. 

in. 

in. 

in.  ; 

h 

e 

-fo*oo57o 

+0-00365 

-|-0'ccc5?o 

0 00000 

0 

1 

+  -00475 

4-  -00336 

-1-  -00121 

+  00043 

I 

z 

+  ■00330 

-|-  -00175 

-f  -OCO73 

4-     -OOoio  ; 

s 

3 

4*  *ooa8o 

4-  *oot5S 

•cooco 

+  -00039  j 

3 

4 

.  +  -00145 

4-  -ooiio 

4-  -00061 

4-  "00005  1 

4 

i 

+  -00035 

■i-  -00046 

+  -00045 

4-  -0003a 

5 

•ocooo 

•cocoo 

+  '00062 

+  '00078 

6 

+  QQZdll 

J    +  -COI841 

+  000631 

4-  000396^ 

Mean. 

The  decrease  in  extent  of  of^cillntinn,  a*?  we  recede  from  the  equator,  ii 
ciearlv  illustrated  by  the  mean  vahus  of  liiis  Table. 

S|U'nking  ol'  the  extent  of  the  oscillations,  it  is  of  importnnre  to  add  n 
few  facts  relati%'e  to  the  anijilitude,  as  re>uUing  from  the  mo  aiiiy  curvey. 
"NVc  have  seen,  in  ihe  conr.^e  of  this  exposition,  that  the  amplitude  for  the 
semiannual  jieriods  froiT!  to  September,  and  from  October  to  March, 

ia  rcFpectivelv  t)  ■OOI).')^  an  l  0"-00132,  which  rc^nlt  will  he  materially 
altered  in  case  wc  consider  only  the  single  niouths  ;  I  r  mn- nurh  m  the 
sense  of  oscillation  varies  considerably  in  the  single  niomhs,  consLUuting  a 
semiannual  period,  chii  (ly  during  summer,  the  rnmbinntion  of  the  hourly 
values  of  six  months  in  one  group  must  uecessariiy  tend  to  dimiiu&h,  or 
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ev«n  abolish  in  some  easef,  the  lunar-dianial  Tariation.  The  mean  ainpU- 
tude  of  the  lunar-diumal  Tariation  of  atmospheric  pressure  for  the  serenl 
monthsj  as  represented  hy  the  means  of  fife  years,  is  as  follows : — 

April  O  00G9  Mny  O'Ol  / 1  June  0  0165 
Oct.    -0091       Nov.  0  0311  Dec. 


JSIcans  for  (wo  montbs  cqni-1      ■(lOSQ  '0241 
distant  from  the  cquioox  / 

July  0-0131        Aug.  0  0109       Sept.  0-0133 

Jau.     0108       Feb.    "0093       Mar.  -0139 
Mrnns  for  two  tnuuths  cqui-  1      ^^^^^  .^j^j  -0136 

distaut  from  the  equinox  J 

The  semiannual  means  are,  for  the  six  winter  months  (when  the  son** 
deelination  is  north),  0"'0129,  and  for  the  summer  months  (when  the  son's 
declination  is  soath)  0"*0161,  and  therefore  the  mean  amplitude  in  lunar- 
diurnal  variation  of  the  barometer  is  0"*0145. 

There  is  evidently  a  great  conformity  in  the  change  in  eitent  of  oocilln- 
tion  observable,  when  we  examine  the  semiannual  ralues  of  the  above 
series*  In  April  and  October  the  amplitude  reaches  a  minimum  value, 
whilst  in  the  months  immediately  foUowtng  a  maximnm  occurs.  For 
both  the  equinoctial  months  the  value  in  question  is  nearly  alike,  »"eMng 
at  the  same  time  the  nearest  approach  to  the  annual  mean.  The  months 
following  the  equinoxes  exhibit  the  smallest  range  in  lunar-diurnal  variation 
of  atmospheric  pressure,  whilst  those  mouths  preceding  the  solstices  are  to 
be  considered  as  maxima  with  respect  to  the  value  at  issue. 

With  a  view  to  ascertain  whether  the  difference  in  the  extent  of  the 
lunar  atmospheric  tide  at  the  epochs  of  apogee  and  perigee  ma?  be  proved 
to  be  perceptible  in  as  high  a  latitude  as  37^  48',  I  followed  a  course  dif* 
fering  in  some  respects  from  the  one  proposed  by  General  Sabine  in  his 
discussions  of  the  St.  Helena  observations.  We  have  seen  that  in  the  case 
under  consideration  the  hours  of  the  extremes  in  pressure  are  not  marked 
in  a  like  distinct  manner  as  for  places  near  the  equator,  and  I  thought  it 
on  this  account  preferable  to  abandon  the  adherence  Jo  certain  hours  of  the 
lunar  day  in  determining  the  range  In  the  value  h^b,  simply  adoptii^  this 
range  for  the  lunar  day  near  the  apogee  or  perigee,  irrespective  of  any 
hour  of  maximum  or  minimum.  In  order  to  increase  the  nnmber  of 
comparisons,  this  range  was  determined  in  addition  to  the  days  of  apogee 
aud  perigee  for  the  day  preceding  and  that  following  those  epochs.  The 
diffisrence  in  the  lunar-diumal  range  In  atmospheric  pressure  at  the  epodia 
of  perigee  (Bf)  and  apogee  (E*)  was  consequently  in  each  case  derived  firom 
six  days'  observation.  Thus  we  obtained  the  fdlowing  values  for  R'—  R*, 
which,  however,  cannot  be  immediately  compared,  in  respect  to  the  amount 
with  the  corresponding  values  of  the  diteossion  on  the  St.  Helena  observa- 
tions  just  referred  to  and  arrived  at  by  a  different  process. 
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Mouths. 

lAinir-diunMl  nngft  in  Perigee  miiUM  Inmr-diiinMl  mnga  in 

Apogee. 

1858-59. 

1 8  59-60. 

1860-61. 

2861-62. 

i86a-C3. 

ran  for 
1858-63. 

X  

il/'tfjr>*"*r           ...... ^  .  - 

T1<wwii>Imw  _^ 

iu. 

4.00775 
4-  -1146 

—  -oasi 

—  •1279 

—  *oi4w 

—  '0118 
+  .-1004 
4-  -0287 

4-  •»439 

4-  -0097 
H  -0815 
4-  "0053 

in. 
4-01793 

—  -2270 

  0370 

4-  0786 

4*  '0*17 
4-  -0144 

4-  -1506 

4-  -0320 

—  -0296 

—  0083 
+  -0570 
4-  -11X7 

in. 
4-0-1910 
4-  -0220 
4*  0900 

—  "ooao 

—  '0750 
4-  "loyo 
4-  -0400 
4-  "0160 
4-  -0760 
4-  -0805 

—  'OOIO 

—  '0486 

in. 

—  00984 
4-  -0676 
+  *03«o 

—  -0044 
4-  -1044 
+  •0180 
4-  '2006 
4-  '0360 

—  *IOOO 

4-  '0177 
4-  -0727 

—  -0410 

in. 
4-0-1010 

-  •U63 

'0837 

-  "0370 

4-  0587 

-  '0417 
4-  •1820 

-  '0870 
4-  *ooso 

-  -0270 
4-  -0510 
4-  -0060 

in. 
4-0  C9018 

—  -03182 

—  '00248 

—  '01246 
4-  -01904 
4-  '01968 
4-  15477 
4-  -00514 
4-  '01846 

4-  -01452 
4-  -05224 
4-  -00868 

4-  -04418 

4-  -02747 

4"  "05605 

4-  -ozSoS 

"3"" 



4-  -02746 

epoch,  of  J*l»«'*- 

■3 

13 

»3 

66  fc»uiu. 

67  Sum. 

The  mean  value  of  4- '02/46  was  derived  with  due  regard  to  the  number 
of  epoch5  of  af)Ogee  and  perigee  occurring  in  the  whole  period  of  obs^rva* 
lion,  the  total  number  of  barometrical  readings  from  which  it  was  deri?ed 
being  720. 

There  can  hardly  exi.st  a  doubt,  after  having  examined  the  above  re- 
sults, that  the  lunar-diurnal  range  in  pressure  of  air  at  the  time  of  the 
perigee  exceeds  the  one  at  the  apogee,  a  fact  which  is  also  in  strict  accord- 
ance with  theory.  But  it  ought  to  be  pointed  out  that  during  the  months 
of  May,  June,  and  July  the  reverse  seems  to  take  place,  as  is  manifested  in 
every  one  of  the  five  years  of  observauon.  Whether  this  bears  any  refer- 
ence to  the  time  of  aphelion  on  the  3rd  of  July,  and  the  time  of  the  peri- 
helion on  the  2nd  of  January,  we  do  not  pretend  to  decide  now ;  suffice  it 
to  have  directed  the  attention  of  timse  more  innnedlatcly  interested  iu  in- 
quiries of  this  nature  to  a  matter  replete  with  so  mucli  interest,  but  as  yet, 
comparatively  speaking,  scantily  ejtamined.  The  mean  range  for  the 
epochs  of  perigee  and  apogee  is  respectively  0"*1C327  and  0"*  13561,  re* 
suiting  a  general  mean  range  of  0"*  149540. 

A  similar  plan  to  that  just  described  was  pursued,  ia  order  to  ascer- 
tain whether  there  existed  any  perceptible  difference  in  atmospheric 
pressure  in  the  periods  of  syzygy  and  cpiadratnte.  Tlie  range  of  the 
atmospheric  pressure  (Inrin.i?  a  lunar  day  was  determined  for  days  of  full 
and  change,  and  also  for  each  of  the  epochs  of  cpiadrature  separately, 
and  furthermore  fur  the  day  preceding  and  following  each  of  the  several 
epochs.   Subsequently  a  mean  value  was  derived  by  comhioiog  the  daily 
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laoge  of  the  cpoclu  of  sjzygy  (R*)  aod  that  for  the  epocht  of  qnadim- 
ture  (R**). 


Months. 


lAHUur-dinmal  range  in  preature  of  mir. 


April  

May   

June   

Julj   

August  .... 
September  ... 

October  

November ... 

Pcermber  ... 

January  

Wbniary 
Kftroh  


FuU 
moon. 


New 
noon. 


First 
qtuiter. 


ID. 

0^1507 

•1312 
•1125 
•1656 
•1532 
•2103 

•1597 
•X318 

*  '1907 
•1729 
•1073 

«Il62 


'15101 


m. 

0*1632 

•i7?o 

•131 1 

•1667 

•2038 
-1582 

'2I9I 

•1287 

•0662 

•1509 


Last 
quarter. 


in. 

0*1728 
'1669 

•1557 
•1451 

•  I  oy  5 

•J497 
•1797 

•iM 

'1226 

-151S 
'1146 

•1155 


lU. 

o^isaf 

•1399 
-1282 

•U45 

•1872 
•2071 

•>557 
*a2o8 

•I  Jfco 

•2059 
•1154 

•I44« 


Mean  for  the 
epoehaof 


I 


c.^^  Qua<lra- 


•15547     -14656  *i6oi6 


0-15695 

•15210 
'12940 

-iti85o 
•18175 

't45<» 

'20490 

•15080 
•08675 


in. 
1 0*14760 

;  15540 
I  •14195 
I  '12980 

I  •H835 
I  'lyi^o 
,  16770 
I  •19180 
15130 
17885 

•||000 

•I30IS 


f4^o-oo93$ 

—  *ooi30 
'01255 

-{-  •00750 

OIOIO 

+  01405 
l—  -04780 

-f-  "05360 
j—  -0x805 

-  •033*5 

+  -00840 


'53H2^  •» 533^1  -  -oooiil 


The  U»t  column  of  this  Table  shows  the  diflSereace  R*— R%  so  that  plus 
denotes  an  excess  of  the  lunar-'dinmal  range  at  the  periods  of  syzygy,  and 
minus  an  excess  at  the  periods  of  quadrature. 

According  to  the  aboTc  there  is  a  decided  minimum  in  thelonar-diomal 
range  at  the  time  of  the  first  quarter,  while  the  Utt  quarter  seems  to  be 
the  maximumy  the  time  of  the  syzygy  showing  intermediate  Tslues,  The 
general  mean  would  indicate  an  excess,  thoui^h  very  smsll,  in  favour  of  the 
epochs  of  the  quadrature.  On  examining,  howeTer,  the  difference  for  the 
single  months^  we  notice  that  the  algebraic  sign  denotes  for  seven  months 
an  excess  of  the  epochs  of  syzygy,  and  for  five  only  the  contrary; 
further,  that  the  greatest  irregularity  In  respect  to  the  s^ns  and  Talnes 
prevails  durings  the  months  from  November  to  February,  when  hot  winds 
are  most  frequent,  and' the  sudden  changes  in  temperature,  connected  with 
these  phenomena,  cause  the  oseUlations  of  the  barometer  to  be  much  di»> 
turbed.  The  magnitude  of  the  values  during  this  period  ought  to  induce 
us  to  receive  them  with  caution,  and  to  consider  the  eight  remaining 
months  separately.  The  general  mean  difierence  for  the  eight  months^ 
from  March  to  October,  both  inclusive,  represents  an  excess  in  favour  of 
the  epochs  of  syzygy  of  0'0067C2  inch,  a  value  which  most  probably  maltes 
a  near  approach  to  truth. 

If  we  derive  mean  values  of  the  lunar-dinmal  range  for  the  several  yeara 
of  observation  at  the  respective  phases  of  the  moon,  we  have — 
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Iiunar-diiinial  range  in  prewture  of  air. 

Ym. 

FuU 

1 

Last 
quarter. 

Mean  for  the 
fpoohol 

1 

1 

moon. 

mooB. 

qnarter. 

Sjrzjrgj. 

Quadra* 

(lupa. 

1 

1  t«s8-S9- 

'     1 8  c Q  6o 

i860  6i. 
1861-62. 

1862  63. 

1                             1  ■ 

in. 

o- 16516 

•13682 
•14017 
'  12969 

in. 

o-i449» 
•14272 
•16672 
•15270 

•17752 

in. 

0^14627 

•I  5817 
•12792 
•14664 

'14802 

in. 

01 7259 

•H953 

•13102 

in. 

0*15506 

•13977 

•»5344 

•14119 

•18034 

in. 

0-I594J 

•15585 
•13872 

•17069 

•13952 

m. 
-0*00437 

—  '01608 
+  '01472 

-  -0x949 

+  '040  82 

'   MetoB  ' 

'I5IO21 

•156916 

'I454C4 

•160282 

•153969 

•152843^4-  •001126 

The  final  result  of  this  Table  shows  au  average  excess  of  0"*001126  in 
favour  of  the  epochs  of  syzygy,  hut  an  analysis  of  this  value  shows  that  for 
three  years  the  excess  is  in  favour  of  the  epochs  of  quadrature,  while  hut 
two  years  sccin  to  confirm  what  wc  fed  inclined  to  regard  as  the  rule.  So 
much  we  arc  able  to  assert,  however,  tiiat  the  lunar-diumal  range  iu  pres- 
sure of  air  at  the  time  of  the  first  quarter  shows  a  minimum,  and  that  near 
the  last  quarter  and  new  nioou  a  maximum  in  tliis  raiij^c  seems  to  make 
itself  manifest.  Althou^^h  the  e\idcucc  iiJUucid  in  tlie  case  is  not  of 
such  a  positive  iiuUue  as  th;Lt  [noduced  when  treating  on  tlic  question  of 
the  increased  pressure  oi  an-  ncui  the  perigee,  we  feel  ncvci  llie]c>s  inclined 
to  believe  some  similar  relation  to  exist  between  the  atmosplieiic  tides  ;ind 
the  moon's  phases,  as  we  know  to  be  the  case  with  respect  to  tlie  oceanic 
tides,  and  that  u  more  rigorous  inquiry  into  this  question  than  we  arc  able 
on  the  present  occasion  to  institute,  will  uliimutely  yield  a  result  m  strict 
accordance  wkii  the  theory  of  gravitation. 

Before  concluding  these  researches  I  may  he  allowed  to  point  out  a  fact 
roi  roborativc  of  the  result  arrived  at  when  speaking  of  the  difterence  of 
atmospheric  pressure  near  the  epochs  of  syzygy  and  quadrature.  The  mean 
diurnal  ranjjc  resulting  from  the  last  inquiry  amounts  to  0  10331)1  ;  but 
on  the  former  occasion  we  found  this  range  to  be  0"*14954.  The  excess 
of  0"*0037(i,  of  vvliich  the  lunar-diurnal  range  of  the  atmospheric  pressure 
is  Iarp;er,  when  derived  from  the  epochs  of  the  moon's  phases,  than  when 
obLaimng  it  by  the  periods  of  perii^ee  and  aj)ogec,  must  be  attributed  to 
the  fact  that  in  the  latter  case  sixty-six  j)eriods  of  perigee  were  com- 
bined with  sixty-seven  periods  of  apogee,  giving  a  fair  average  result; 
"while  in  the  former  forty-three  epochs  of  perigee  and  but  thirty-five  of 
apogee  happened  to  coincide  wiili  the  several  {)hases  of  the  moon,  tending 
in  this  way  to  raise  the  mcou  value  of  the  luuor-diurual  range  of  the  baro- 
meter above  that  average. 
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IV.  "  On  the  Occlusion  of  Hydrogen  Gas  by  Meteoric  Iron."  By 

Thomas  Qkaham,  F.E.S.    Heceived  May  16,  1867. 

Some  ligKt  may  possibly  be  thrown  upon  tbe  history  of  such  metslt 
found  in  nature  as  are  of  a  soffc  colloid  description,  particularly  natiTe 
iron,  platinum,  and  gold,  by  an  investigation  of  the  gases  which  they 
hold  oeduded,  such  gases  being  borrowed  from  the  atmosphere  in 
whieh  the  metallic  mass  last  found  itself  in  a  state  of  ignition.  The 
meteoric  iron  of  Lenarto  appeared  to  be  well  adapted  for  a  triaL  This 
well-known  iron  is  free  from  any  stony  admixture,  and  is  remarkably 
pure  and  malleable.  It  was  found  by  Wehrle  to  be  of  spedfie  gravity 
7*79,  and  to  consist  of— 

Iron   90  883 

Nickel    8-450 

Cobalt    0-666 

Copper    0-002 

Prom  a  larger  maBs  a  strip  of  Ww  Lenarto  iron  50  millimeirt  s  liy  l:J  and 
10  millimeti'ea,  was  cut  In-  a  clean  clli^^el.  It  weiglied  15  2  r;ramnio^,  and 
had  the  bulk  of  5'78  cubic  centimetres.  The  j^trip  was  ^Yell  washed  bv 
liot  solution  of  potassa,  and  then  repeatedly  by  hot  distilled  water, 
and  dried.  Such  treatment  of  iron,  it  bad  been  previou^«ly  found, 
conduces  in  no  way  to  the  evolution  of  hydrogen  gaa  when  tlie  metal 
ia  snbHcqucntly  lientcd  The  Leiuirto  iron  was  enclosed  in  a  new 
porcelain  tube,  and  the  latter  being  attached  to  a  Sprcngel  aspirator, 
a  good  vacuum  was  obtained  in  tlie  culd.  The  tube  hein«T  placed  in  a 
trough  combustion  furnace,  was  heated  to  reduesa  by  ignited  charcoaL 
Gas  came  ofi*  rather  freely,  namely — 

In  35  miuutes    5'SS  cub.  eentime. 

In  100  minutes   9-52  „ 

In  20  minutes    1-63  „ 

In  2  hours  85  muiutes    16-58  „ 

The  first  portion  of  gas  ooUecied  had  a  slight  odour,  but  much  leas 
than  that  of  the  natural  gases  occluded  by  ordinary  malleable  iron. 
The  gas  burned  like  hydit>gen«  It  did  not  contain  a  trace  of  carbonic 
acid,  nor  any  hydrocarbon  vapour  absorbable  by  fuming  sulphurie  acid. 
The  second  portion  of  gas  collected^  consisting  of  9-52  cub.  cetitima^ 
gave  by  analysis — 

Hydrocren   8*26  Cub.  centime   85*68 

C  :  i  l  iiic  oxide   0-43         „    4  46 

jS'itrogeu   0-95         „    98-6 

9G4        „  lUOOO 

The  Lenarto  Iron  appears,  therefore,  to  yield  2*85  times  its  volume 
of  gas,  of  which  80  per  cent,  nearly  is  hydrogen.  The  proportion  of 
carbonic  oxide  is  so  low  as  4<i  per  cent. 
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The  gaa  occluded  by  iron,  from  a  (jarboiiacooua  fire,  is  very  diilerent, 
the  prevailing  gas  then  being  carbonic  oxide.  Tor  comparison  a 
quantity  of  clean  horseshoe  naik  was  submitted  to  a  similar  distillation. 
The  gas  collected  from  23'5  grammes  of  metal  (3  01  cub.  centims.)  was — 

In  150  minutes    5*40  cub.  centims. 

In  120  minutes    2*58  „ 

In  4  hours  30  minutes,   7-98  „ 

The  mcuil  has  given  2  GG  times  its  volume  of  gas.  The  first  portion 
collected  appeared  to  contain  of  hv  (lro!];pn  35  per  cent.,  of  carbonic 
Oxide  50*3,  of  carbonic  acid  7'7,  and  oi  nitrogen  7  per  cent.  Tho 
latter  portion  collected  gave  more  carbonic  oxide  (5S  per  cent.)  with 
lesH  livdrdfren  (21  per  cent  ),  no  carbonic  acid,  tlie  remainder  nitrogen. 

iiiiuance  of  carbonic  oxide  in  its  occluded  gases  appears  to 
attest  the  telluric  origin  of  iron. 

Hydrogen  has  been  recognized  in  the  spectrum-analysis  of  the  light 
of  the  fixed  stars,  by  !^^essr.-.  lluggins  and  IMiller.  The  same  gas  con- 
stitutes, accordint2:  to  the  wide  researches  of  Father  Secchi,  the  principal 
element  of  a  numerous  class  of  starf,  of  which  a  Lyruc  is  the  type. 
The  iron  of  Leuarto  has  no  doubt  come  from  such  an  atuiosphere,  in 
which  hydrogen  grently  prevailed.  This  meteorite  may  be  looked  upon  as 
holding  imprisoned  wiiiiin  it,  and  bearing  to  us  hydrogen  of  tho  stars. 

It  has  been  found  diflirnlt,  on  trial,  to  impregnate  mtdleable  iron 
with  more  than  an  equal  volume  of  hydrogen,  under  tho  pressure  of  our 
atmosphere.  Now  the  meteoric  iron  gave  up  al)out  three  times  that 
amount,  without  being  fully  exhausted.  The  iufereuce  is  that  the 
meteorite  has  been  extruded  from  a  dense  atmosphere  of  hydrogen  gas, 
for  which  we  must  look  beyond  the  light  cometai'j  matter  floating 
about  witbia  the  limits  of  the  solar  system. 

V.  "Further  Observations  on  the  Structure  and  Affinities  oi  Eozoon 
Canadense"  In  a  Letter  to  the  President.  By  William  B.  Car- 
PENTES,  M.D.,  F.E.S.^  F.6.S.   Received  May  9, 18G7. 

Unifccnlgr  of  London,  Mij  9Ui,  1867. 

When,  on  the  14th  of  December  1864,  I  addresBed  you  on  the 
subject  of  the  remarkftble  discorery  which  had  been  recently  made  in 
Canada,  and  sabmitted  by  Sir  William  Iiogan  to  myself  for  verifica- 
tion, of  a  foeeil  belonging  to  the  Foraminifeml  type,  occurring  in  largo 
maaiea  in  the  SerpentineJimestones  intercalated  among  Gneissic  and 
other  rodu  in  the  Lower  Laaventiaii  formation,  and  therefore  long 
anterior  in  Geologicai  time  to  the  earliest  traces  of  life  previously 
observed,  no  doubts  had  been  expressed  as  to  the  orgamc  nature  of  this 
body,  wldch  had  received  the  designation  Eweoan  Ckmademe. 

The  announoement  was  soon  afterwards  made,  that  the  Serpentine 
Marble  of  Oonnemarai  employed  as  an  ornamental  marble  by  builders 
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under  the  name  of  *'  Inah  Gieen/'  pr«eented  itnietanl  eiiazaefcen 
Bttffidently  allied  to  tlioae  of  the  Lauieatian  SeEpeotinee  of  Canada 
,  to  joitifj'  its  being  referred  to  the  same  origin.  An  examinatioa  of 
nnmerouB  decalcified  apecimens  of  thia  rock  led  me  to  the  eooclnaion, 
that  although  the  evidencea  of  ita  organic  origin  were  by  no  means  such 
as  to  justify,  or  even  to  suggest,  such  a  doctzine,  if  the  structure  of  the 
Canadian  Eoaoon  had  not  been  previously  elucidatedt  yet  that  the  Teiy 
exact  correspondence  in  size  and  mode  of  aggregation  between  the 
Serpentine-granules  of  the  Oonnemara  Marble  and  those  of  the  *  acervu- 
line '  portion  of  the  Canadian,  was  sufficient  to  juatify  in  behalf  of  the 
one  the  claim  which  had  been  freely  conceded  in  regard  to  the  other. 

In  the  following  summer,  however,  it  waa  amiounced  in  the '  Beader  * 
(June  10, 1865)  by  Professors  King  and  Bowney  of  Queen's  CoUege^ 
Ghdway,  that  haying  applied  themsdres  to  the  study  of  the  Serpentine 
Marble  of  Connetnara  with  a  full  belief  in  ita  organic  origin,  they  had 
been  gradually  led  to  the  conviction  that  its  structure  waa  the  result  of 
chemical  and  physical  agencies  alone,  and  that  the  aame  explanation 
was  applicable  to  the  supposed  Eozoon  Oanadente  of  the  Laurentian 
Serpentinee.  This  view  waa  afterwarda  fully  set  forth  in  a  Paper  On 
the  ao-called  Eoaoonal  Bock,**  read  at  the  Geological  Sode^  on  the 
10th  of  January  1866^  and  published  (with  additions)  in  the  Qoarteily 
Journal  of  the  Geological  Society  for  August  1866.  The  following  ia 
tiieir  own  Summary  of  their  condusiona  (p.  215) : — It  has  been  seen 
(1)  that  the  *  chamber-casts  *  or  granules  of  serpentine  are  more  or  lees 
simulated  by  chondrodite,  coccolite,  pargasite,  &c,  also  by  the  botiy- 
oidal  configurations  common  in  Permian  Magnesian  Idmeatone ;  (2) 
that  the  *  intermediate  skeleton '  is  dosely  represented,  both  in  chemical 
composition  and  other  conditions,  by  the  matrix  of  the  above  and  other 
minerals ;  (3)  that  the  'proper  wdl*  is  structurally  identical  with  the 
asbeetiform  layer  which  frequently  invests  the  grains  of  chondrodit^-*- 
that»  instead  of  belonging  to  the  skdeton,  as  must  be  the  case  on  the 
eozoonal  view,  it  ia  altogether  independent  of  that  part,  and  forma,  on 
the  contrary,  an  integral  portion  of  the  serpentine  constituting  the 
'chamber-caste,'  under  the  allomorphic  form  of  du7sotOe,  and  that 
perfectly  genuine  specimens  of  it,  completely  abnulating  ead§  of  sepa- 
rated nummuline  tubules,  occur  in  true  flsaorea  of  the  aeipentine* 
granules;  (4)  that  the  * canal*8ystem *  is  analogous  to  the  imbedded 
crystallizations  of  native  silver  and  other  similarly  conditiimed  minerala, 
also  to  the  eoralloida  imbedded  in  Permian  Magnesian  Limestone  $ 
that  ita  typical  Grenville  form  ooeura  as  metazite,  a  ohemieally 
identical  mineral  imbedded  in  sacdiaroidal  caldte ;  (6)  that  the  type 
examples  of '  caata  of  stolon-passages '  are  isolated  oKyatala  appaientlj 
of  pyrosderite.  Purthermore,  considering  that  there  haa  been  a  oomplete 
fiulure  to  explain  the  charactera  of  tibe  ao-oalled  infeeinal  casta  of  the 
' paeadepodial  tubulea'  and  otiier  'passages'  m  tha  hypothaaia  of 
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ordinary  mechanical  or  chemical  infiltration,  also  bearing  in  mind  the 
significant  fact  that  the  '  intermediate  skeleton/  in  Irish  and  other 
varieties  of  eosoonal  rock,  contains  modified  examples  of  the  *  definite 
shapes '  more  or  lew  resembling  the  crystalline  aggregations  and  pris- 
matic lumps  in  primarjr  aaccharoidal  marbles — that  eozoonal  structure 
is  only  found  in  metamorphic  rocks  belonging  to  widely  separated 
geological  systems,  nerer  in  their  unaltered  sedimentary  depositsr^ 
taking  all  these  points  into  consideration,  also  the  arguments  and 
other  evidences  contained  in  the  present  memoir,  we  feel  the  conclusion 
to  be  fully  established,  that  every  one  of  the  specialities  which  haver 
been  diagnosed  for  Ji^ozoon  Canadenae  is  solely  and  purely  of  crystalline 
origin:  in  short,  we  hold,  without  the  least  rest* rv.ition,  that  from  every 
available  Ktauding  point — foraminiferal,  miueralogical,  chemical,  and 
geological — the  opposite  view  has  been  shown  to  be  utterly  untenable.''' 

Consideriog  that  the  Foraminiferal  characters  of  J£ozoon  Canadense 
bad  been  unhesitatingly  accepted  by  all  those  soologists,  Continental 
as  well  as  British,  whose  special  acquaintance  with  the  group  gave 
weight  to  their  opinion,  it  might  have  been  prudent^  as  well  as  becoming, 
on  the  part  of  the  Gralway  Professors,  to  express  themselves  somewhat 
less  confidently  in  i  cfrard  to  its  purely  mineral  oi  i^in.  The  case  they 
made  out  would  not  have  lost  any  of  its  real  strength,  if  they  had 
simply  put  forward  their  facts  as  afibrding  valid  grounds  for  q^tionin^ 
the  received  doctrine.  And  a  way  of  escape  would  have  been  left  for 
them,  if  the  progress  of  research  should  happen  to  bring  to  light  con- 
clusive evidence  on  the  other  side. 

Although  such  conclusive  evidence  is  now  producible,  it  may  be  well 
for  me  briefly  to  point  out  what  I  regard  as  the  fundamental  iallaeiet 
in  the  argument  of  Professors  King  and  Eowncy. 

In  the  first  place,  the  ycrpcutiue-Marble  of  Gonnemara,  on  which 
their  investigations  had  been  chiefly  conducted,  is  admitted  by  every 
one  who  has  examined  it  to  have  undergone  a  considerable  amount 
of  metamorphic  change.  To  myself,  as  well  as  to  Professors  King  and 
Bowncy,  the  evidence  which  it  presents  of  the  operation  of  chemical 
and  physical  agencic:;^  is  must  obvious  and  conclusive  ;  whilst  the  evi- 
dence of  its  organic  origin  rests  entirely  on  its  partial  Analogy  to  the 
eoxoonal  i*ock  of  Canada.  Hence  an  entire  surrender  might  be  made  of 
the  organic  hypothesis  as  regards  the  Couneroara  marble,  without  in- 
the  least  degree  invalidating  the  claim  of  t 'i  ozoonal  rock  of  Canada 
to  an  organic  origin.  ^h\t,  on  the  other  hand,  if  the  latter  claim  can 
be  sustained,  it  may  be  fairly  extended  to  the  "  Irish  Green,"  should 
the  evidence  of  similarity  bo  found  sufficient  to  justify  such  an  ex- 
tension ;  since  it  must  be  admitted  by  every  Petrologist,  that  no  amount 
of  purely  niineral  arrangement  in  a  Metamorphic  rock  can  disprove 
its  claim  to  Organic  origin,  if  that  claim  can  be  shown  to  be  justified 
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by  distinct  traces,  ia  oilier  parti  of  tbe  eanie  formatioii,  of  organumt 
adequate  to  its  production.  The  Oaiboniferous  Limestoiie,  various  mem* 
bers  of  tbe  Oolitic  and  Cretaceous  formations^  and  the  Hippurite  and 
Nummulitic  Limestones,  all  exhibit  in  parts  an  entire  absenice  of  orgsnic 
structure,  which  is  yet  so  distinct  elsewhere,  as  to  justify  the  genendi- 
xation  that  their,  materials  have  been  originally  sepaiated  from  tbe 
ocean-waters  by  animal  agency.  And  it  is  well  known  to  those  who 
have  studied  the  changes  which  recent  Coral*formationB  have  imdeigone 
when  upraised  above  the  sea-level,  that  a  complete  convefsion  of  a  mass 
of  Coral  into  a  sub-crystalline  Limestone  not  distinguishable  from 
ordinary  Carboniferous  Limestone,  may  take  place  under  drcumatances 
in  no  way  extraordinary. 

It  is,  therefore,  upon  the  character  of  the  Serpentine-Limetitone  of 
Canada,  not  upon  the  nature  of  the  Connemara  Ibj^ble,  that  the  ques- 
tion of  organic  origin  eutii  ci}  turu»;  and,  as  I  have  elsewhere  shown 
in  detail*  the  hypothesis  of  Professors  King  and  Bowney  altogether 
fails  to  account  for  the  combination  of  phenomena  which  the  former 
presents,  whilst  the  accordance  of  that  combination  with  the  ide«  of  its 
Organic  origin  (a  very  moderate  allowance  being  made  for  the  effects  of 
metamorphic  change)  is  such  as  to  establish  the  same  kind  of  pro- 
bability in  its  &vour,  as  that  which  we  derive  in  the  case  of  the  Human 
origin  of  the  **  flint  implements  "  firom  the  cumulative  evidence  of  their 
succession  of  fractured  suites,  or  in  the  case  of  the  chemical  eompo* 
sition  of  the  sun  from  the  precise  correspondence  between  certain  dark 
lines  in  the  solar  spectrum  and  groups  of  bright  lines  produced  in  a  dark 
spectrum  by  the  combustion  of  certain  known  metals. 

I  may  stop  to  point  out,  however,  that  Fh>fe8SorB  Eing  and  Bowney 
do  not  attempt  to  oflEiBr  any  fesaible  explanation  of  the  fundamental  la^ 
of  the  regular  alternation  of  lamell»  of  Calcareous  and  Siliceous  minerals, 
often  amounting  to  fifty  or  more  of  each  kind,  extending  through  a 
great  range  of  area ;  nor  of  the  fact  that  not  only  is  this  arrangement  the 
same,  thougti  the  siliceous  mineral  may  be  Serpentine  in  one  place^ 
Pyroxene  in  another,  or  Loganite  in  another,  whilst  the  calcareous  may 
be  Calcite  in  one  part,  and  ]>olomite  in  another, — but  that  these  varia- 
tions may  occur  in  one  and  the  same  specimen,  the  structural  arrange* 
ment  being  continuous  throughout. 

And  in  what  they  state  of  the  peculiar  lamella  forming  the  proper 
wall  of  the  chambm,  which  I  have  designated  the  "  nummuline  layer," 
they  have  ihllen  into  errors  of  foot  so  remarkable,  that  I  can  only  ac- 
count for  them  by  the  belief  that  when  their  paper  was  written  they 
knew  this  layer  only  by  dccalcifled  specimens,  and  had  never  seen  it  in 
•  thin  transparent  sections.  For  they  describe  it  as  composed  of  psrallel 
fibres  of  chrysotile  packed  together  without  any  intermediate  sub- 
stance ;  whereas  I  have  distinctly  proved  that  the  siliceous  fibres  are  im- 
QnuMrlj  Journal  of  tho  CMogictl  jSodety,  Augutt,  1606. 
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bedded  in  a  calcareous  matrix ;  which  I  therefore  feel  justified  iu  re- 
garding as  a  finely  tubukted  NummuUDe  shcl],  of  wbich  the  tubuli  that 
were  originally  occupied  by  paeudopodia  have  been  permeated  by  sili- 
ceous infiltration. 

So,  again,  while  asserting  that  by  no  conceivable  procow  could  the 
animal  substance  originally  occupying  these  tubuli  have  been  replaced 
by  siliceouB  miuerals,  they  have  entirely  ignored  the  fact  stated  by  me, 
that  this  veiy  replacement  has  taken  place  in  recent  specimens  in  my 
possession, — a&ct  on  the  basis  of  which  the  reconstruction  of  the  animal 
of  JBoaoon  proposed  by  Pr.  Pawson  and  myself  securely  rests* 

The  question  may  now,  I  belieye,  be  regarded  as  conclusively  settled  by 
the  recent  discovery,  in  a  sedimentary  limestone  of  the  Lower  Lauren- 
tian  formation  at  Tudor  in  Canada,  of  a  si>ecimeu  of  Sosom  presenting 
characters  that  cannot,  iu  the  opinion  of  the  most  experienced  Fabcon- 
tologists  and  Mineralogists,  be  accounted  for  on  any  other  hypothesis 
than  that  of  its  organic  origin.  For  in  the  first  place,  the  occurrence 
of  a  calcareous  framework  or  skeleton  in  a  matrix  of  sedimentary  lime* 
stone,  which  also  fills  up  its  interspaces,  altogether  excludes  the  hypothe- 
ais  that  this  framework  might  be  the  product  of  any  kind  of  paendo- 
morphie  arrangement  produced  by  the  separation  of  calcareous  and 
ailiceoua  minerals  from  a  solution  containing  both.  And,  secondly,  this 
apecimen  exhibits  that  which  had  not  preriously  been  distinctly  seen  in 
any  other,  vis.,  a  distinctly  limited  contour,  formed  by  the  curving 
downwards  and  dosing-in  of  the  septa,  in  a  manner  as  perfect  and 
cliaracteristic  as  the  elosing*in  <^  the  successiTe  chambers  of  any  poly- 
thalamous  shell.  I  believe  that  no  Falsdontologist  familiarwith  Palseozoic 
fossils  would  have  hesitated  to  pronounce  this  specimen  a  Possil  Coral 
allied  to  SHramaUpora,  if  it  had  occurred  in  a  Silurian  Limestone. 

That  thia  specimen,  though  dilTering  greatly  in  appearance  from  the 
ordinaiy  serpentinous  Bazotm,  really  represents  that  organism,  is  shown 
not  merely  by  the  general  arrangement  of  the  calcareoua  lamellte,  but  by 
their  minute  structure.  This,  it  is  true,  is  far  less  characteristically  seen 
in  thin  sections  microscopically  examined,  than  it  ia  in  the  apecimeua 
wboae  cavities  have  been  filled  up  by  Serpentine ;  the  texture  of  which 
28  often  so  marvellously  little  changed,  as  to  have  all  the  appearance  of 
recent  shell-substance.  But  the  alteration  which  the  shelly  layers  have 
undergone  in  this  specimen,  is  precisely  paralleled  by  that  which  I  have 
been  accustomed  to  find  in  the  best-preserved  specimens  of  other 
organic  atructoiea  contained  in  the  more  ancient  Limestones.  And 
there  are  still  diatinetly-recognisable  traces  of  the  canal-system  imper- 
fectly injected  with  black  substance,  which  correspond  with  those  of 
the  ordinary  Serpentinous  JSoMon, 

Tor  the  imperfection  of  the  apecimen  in  thia  respect,  however,  full 
compensation  is  made  in  the  peifect  preservation  of  the  canal-system  in 
*»  small  fragment  oflhzoon  long  ainco  observed  by  -I)r.  Dawson. in  a 
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erystollme  limestone  at  Madoe.  TUb  speeimeu  Laying  been  placed  in 
mj  bands  by  Sir  William  Logan,  with  permission  to  treat  it  in  anj  nmj 
that  should  enable  me  to  make  a  tfaoroagh  examination  of  it,  I  have  sue* 
ceeded  in  finding  in  it  mo.st  complete  and  beautiful  cDunples  of  the  cn  nal* 
system,  presenting  varietieHofsizeand  distribution  exactly  parallel  to  tho$e 
with  which  I  am  fiEtiniliar  in  the  Serpentine-spedmens.  Now  as  there  is 
not  in  the  Madoe,  any  more  than  in  the  Tudor  specimen,  any  sneb  com* 
bination  of  different  minerals  aa  has  been  supposed  by  Professors  Cog 
and  Bowney  to  have  given  origin  to  the  arborescent  forms  of  the  canal- 
system  of  EoBOon  (which  they  have  likened  to  moss-agate  or  crystalliMd 
silver),  there  can  be  no  longer  any  reasonable  ground  for  disputing  the 
essential  similarity  of  this  canal-system  to  that  first  described  by  myaelf 
in  Odcarina,  with  which  it  was  originally  compared  by  Dr.  Dawson 

The  extension  of  the. inquiry  into  the  character  of  the  Serpentine 
limestones  intercalated  among  the  Gneissic  and  other  rocks  of  Lauren- 
tian  age  in  various  parts  of  Europe,  has  brought  to  light  suchnumerofoa 
examples  of  eozoonal  structure,  more  or  less  distinctly  preserved,  as  to 
afford  strong  grounds  for  the  conclusion  that  this  oi^ganism  was  reiy 
>  generally  diffused  at  that  epoch,  and  performed  much  the  same  part  in 
raising  up  solid  structures  in  the  waters  of  the  ocean,  that  the  Cor«I« 
forming  Zoophytes^  perform  at  the  present  time.  I  had  myself  examined 
before  the  close  of  1865  specimens  of  Ophicalcite  from  Cesha  Lipa  in 
Bohemia  and  from  the  neighbourhood  of  Moldau,  in  which  an  eoxoonal 
structure  was  distinctly  traceable ;  and  early  in  1866  a  more  extended 
series  was  transmitted  to  me  through  Sir  C.  Lyell  from  Dr.  Giimbel,  the 
€h>vemment  Geologist  of  Bavaria,  in  which  I  was  able  to  trace  a  con- 
tinuous gradation  from  specimens  in  which  the  ensoonal  structure  was 
distinct,  to  others  in  which,  if  it  ever  existed,  it  had  been  completely 
obscured  by  subsequent  metamorphism.  The  results  of  a  very  careful 
and  comploto  examination  of  the  Ophicalcites  of  Bavaria  by  Dr.  Giimbel 
himself  has  been  communicated  to  the  Boyal  Academy  of  Munichf. 

Appearances  of  the  same  character  are  presented  by  a  series  of  speci- 
mens of  the  Serpentinoiis  Limestones  from  the  Primitive  Qneiss  of 
Scandinavia^  kindly  transmitted  to  me  by  F^of  Lov^n. 

Iventure  to  liojje  that  the  foregoing  n-Mmni'  oi'  tlic  prcbciit  aspect  of  thi?* 
bul>jcct  will  he  of  interest  to  the  lVllo^^^^  ot' tlu;  lioyal  Socii-tv.  1  say 
the  present  aspect,  l)ccau.-!t3  1  aiu  btronijly  convincetl  that  wc  art'  at 
present  only  at  the  boc;inning  of  our  knowledge  uf  tliia  and  ot])cr  ancient 
types  of  Foraiiiiui feral  siuueture;  and  that  careful  search  iu  proniitsin^ 
local  it  leg  will  bring  to  light  many  wonders  now  lying  unsuspected  in 
the  vast  aggregate  of  pre-Sihii  ian  strata. 

*  A  full  description  of  (  hcso  .•^jioc'ijiu  iis  hy  Dr.  Dawson,  with  ft  notice  of  their  ^f^'.ti- 
gi^phical  position  bj  Sir  WUIIaju  Lpgao,  ban  b«ea  read  at  febft  Geokgiad  Societj  on  the 
Sth  of  May,  18C7. 

t  '*  Vsbar  dsf  ToribOQUMii  vod  Eozoon  im  ostbayerujchea  Urgebirge,"  aua  d.  Sitsungi- 
IMT.  a.  k.  Aesd.  d.  W.  ia  HBiiolMa,  1866.  i,  1. 
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Lieut. -General  SABINE,  rresitlcnt,  lu  the  Chair. 
The  following  eommunications  were  read 

I.  "On  the  Intimate  Structure  of  the  Brain." — Second  Series. 
By  J.  LocKHAKT  Clarke,  Esq.,  F.R.S.    Keceived  May  1, 

(Abstract.) 

Abstracts  of  a  considerable  portion  of  this  paper  Bave  been  already 
publkhed  in  the  Brooeedings  of  the  Boyal  Society  for  June  18, 1857, 
and  Jnne  20,  1861,  under  the  title  of  "Notes  of  Sesearehes  on  the 
Intimate  Stmctnre  of  the  Brain.*' 

Alter  adding  sereral  new  facts,  and  giving  further  explanations  on 
the  sahject  of  the  medulla  dblm^aia,  the  author  gi?e0  a  fidl  description 
of  the  morphological  changes  by  which  the  auditory  and  other  centres 
are  developed  out  of  elements  of  the  Bpinal  cord.  The  auditory  centres 
consist  of  an  outer  and  an  inner  nucleus.  The  outer  nucleus  is  dere- 
loped  from  the  grey  substance  of  the  posterior  pyramid  and  restiform 
body  of  the  medulla.  The  inner  nucleus  arises  between  the  posterior 
pyramid  and  the  nucleus  of  the  eighth  cerebral  nerve.  !Prom  both 
these  nuclei  the  pwterior  division  of  the  auditory  nerve  takes  its  origin. 
The  anterior  dinsion  consists  of  two  portions.  The  principal  portion 
penetrates  the  medulla  beneath  the  restiform  body,  and  running  along 
the  outer  side  of  the  caput  comu,  or  grey  tubercle,  enters  both  the 
outer  and  inner  nucleus.  The  other  portion  of  the  nerve  runs  back* 
ward  along  the  upper  border  of  the  restiform  body,  which  it  accompanies 
over  the  superior  peduncle  of  the  cerebellum  to  the  inferior  vermiform 
process.  The  outer  auditory  nucleus,  consisting  of  the  grey  substance 
of  the  posterior  pyramid  and  restiform  body,  is  ultimately  thrown  back- 
ward into  the  cerebellum,  part  of  it  arching  over  the  fourth  ventricle  to 
the  opposite  side,  while  the  rest  extends  outward  to  the  corpus  den- 
tatum  of  the  cerebellum. 

It  would  not  be  possible  to  give  an  abstract  of  the  numerous  details 
of  structure  and  the  complicated  connexions  of  different  parts  described 
in  the  paper.   The  following  facta,  however,  may  be  mentioned. 

The  roots  of  the  foetal  nerve  are  shown  to  have  a  very  remarkable 
course  and  very  complicated  connexions  with  surrounding  parts.  On 
reaching  the  fascieulm  teres  they  bend  downward  in  the  form  of  a  loop, 
the  lower  arm  of  which  is  connected  with  the  motor  nucleus  of  the 
trigeminus  and  with  the  upper  olivary  body,  as  well  as  with  their  own 
Hpecial  nuclei.  The  longitudinal  portion  of  this  loop  forms  the  column 
which  Stilling  mistook  for  what  he  calls  the  "  constant  root  of  the  trige- 
minus,'* and  which  Schroeder  van  der  Kolk  mistook  for  one  of  the  strim 
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medullaies.  The  upper  olivafj  Mies  (which  were  first  pointed  out  hf 
the  author  in  1857,  and  auhsequently  described  bj  Schroeder  Tia  dor 
Kolk)  and  the  trapesium  are  further  iuTcstigated  in  a  comparison 
between  those  of  man,  the  orang  outang,  and  different  orders  of  mam- 
mals. The  structure  of  the  entire  meduUa  oblongata  in  the  monkey 
is  likewise  compared  with  that  of  man.  The  paper  condudoe  with  tlte 
physiological  and  pathological  application  of  its  contents. 

II.  ^'On  Pyrophosphoric  Acid  with  the  Pyro-  and  Tetra-phos- 
phoric  Amides/'  By  J«  U.  Gladstone^  Ph.D.^  F.R.S.  Ke- 
ceived  May  9, 1867. 

From  time  to  time  I  have  communicated  to  the  Chemical  Society 
descriptions  of  certain  bodies  which  are  best  viewed  as  amides  of  pyro* 
phosphoric  acid ;  and  in  pursuing  the  inquiry  I  have  recently  obtained 
some  iresh  results,  and  a  new  class  of  compounds.  I  propose  continuing 
to  send  the  details  to  the  Chemical  Society,  but  I  may  be  permitted  to 
submit  to  the  Eoyal  Society  a  condensed  account  of  the  main  &cts 
arrived  at  in  the  whole  inyestigation,  and  a  theory  of  the  formation  of 
these  substances. 

J^ifrophosphoiiQ  0cid  is,  in  the  notation  now  generally  adopted, 
P^  H«  O,.  In  an  examination  of  its  ferric  compounds,  I  found  evidence 
of  the  existence,  in  solution,  of  the  double  salt  P,  Ka,  fe,  O,*.  A  more 
remarkable  £ict  is  that  the  complete  ferric  salt,  and  several  other  pyro- 
phosphatee,  ean  exist  in  an  allotropic  condition.  Thus  pure  P,  fe^  0„ 
prepared  by  double  decomposition,  dissolves  readily  in  dflute  aviphurie 
acid ;  but  on  heating  the  solution  it  separates  in  a  form  which  is  almost 
insoluble  in  the  acid.  AYhen  these  allotropic  salts  are  decomposed,  the 
add  produced  appears  to  have  the  ordinary  properties.  It  is  a  pyro. 
photphate  which  is  formed,  when  oxychloride  of  phosphoms  is  attacked 
by  a  strong  aqueous  sidution  of  an  alkalL 

Pyrophosphoric  acid  exhibits  a  great  tendency  to  form  add  amides. 
It  is  only  neoessszy  to  neutralize  it  with  ammonia  to  get  a  body  which, 
when  tr^ted  with  a  metsllic  salt  not  in  excess,  gives  more  or  less  of  a 
pyrophosphmote  of  the  metal,  thus: — 

P,     0,+4NH,4-3fe  C1=P,  (KHJ  fe,  0+3NH^  CI. 

Fyrophotphamie  aeid,  (NH,)H^O«,  may  be  also  prepared  by 
breaking  down  the  higher  amides.  It  is  similar  in  most  of  its  proper- 
ties to  pyrophosphoric  acid,  but  is  tribasic.  Its  ferric  salt  has  also  an 
allotropic  modification ;  when  heated  with  an  add  it  becomes  fiur  less 
soluble  in  sulphuric  add,  ferric  chloride,  or  pyrophosphate  of  sodium. 

Fyropho9ph<hdiamie  acid,  P,  (NHJ,     0„  is  produced  in  a  variety  of 

•  In  order  to  avoid  great  cuiuploxit^  of  furmule,  WiUiamson'a  Ferricum,  fe^:  18*66, 
htm  been  adopted. 
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ways,  of  which  the  most  noteworthy  are  the  action  of  ammonia  on  pliot- 

phoric  anhydride,  of  ammonia  and  water  on  oxychloride  of  phoaphoms, 
of  alcohol  or  soluble  bases  on  chlorophoBphuret  of  nitrogen,  as  well  as 
the  breaking  down  of  amides  of  more  complicated  structure.  It  is  bi« 
basic,  and  forms  which  are  generally  rerj  soluble,  like  itaelf^  m 
water  and  alcohol. 

I*i/rophospJi<htriamie  acid,  (NH^j  HO4,  is  foniK  d  when  oxychloride 
of  phosphorus  ia  saturated  with  ammonia  at  about  100°  C,  and  the 
resulting  mass  is  treated  with  water,  or  when  tetraphospho-pentaaotio 
acid  ia  exposed  to  the  action  of  water  for  some  time.  It  is  nearly  inso- 
luble in  water,  find  so  are  its  combinations,  even  those  with  the  alkaline 
metals.  It  readily  decomposes  most  soluble  salts,  giving  rise  to  com- 
pounds in  which  1,  2,  8,  or  4  atoms  of  hydrogen  are  replafofl.  "With 
slightly  acid  nitrate  of  silver  it  gives  a  white  salt,  Pj(XIIjj  AgO^; 
with  the  ammoniaeal  nitrate  a  bright  yellow  salt,  Ag,  O^. 

By  the  action  of  water  on  the  compounds  of  ammonia  with  oxychloride 
of  phosphorus,  there  are  also  produced  some  acid  amides  that  belong  to 
a  higher  series.  Great  diihculty  was  experienced  in  being  certain  of 
the  purity  of  any  specimen  of  these  compounds ;  hence  some  doubt  maj 
■till  rest  on  their  ultimate  composition. 

Tetraphoffplio-fdramic  acid,  (NHj)^  O^,  is  a  solid  stable  body,  inso- 
luble in  alcohol,  but  soluble  in  water,  and  combining  readily  with  bases, 
the  amount  of  hydrogen  replaced  appearing  to  vary  from  1  to  6  atoms. 

Terammomaied  Tetraphospho-diamia  acid,  (NH,),  N,  H,,  0,j. — ^This 
ia  a  viscid  liquid,  insoluble  in  alcohol,  but  very  soluble  in  water.  It 
forms  a  liquid  combination  with  ammonia ;  but  metallic  salts  appear  to 
break  it  up  into  a  variety  of  compounds.  By  the  action  of  lu  at,  boiling 
water,  strong  acids,  or  alkaline  carbonates,  tetraphospho-tetramic  ncid 
may  be  produced  from  it.  Among  the  bodies  formed  when  it  is  heated 
p&r  9e  is  a  white  substance,  insoluble,  or  nearly  so,  in  cold  water,  having 
the  ultimate  composition  PNII,  (),.  This  is  at  once  transformed  into 
pyrophospho-diamic  acid  by  hot  water,  or  dilute  acids. 

Tetrapho8ph(hpentazotic  acid,  V^  N,  II,  0„  18  formed  when  oxychloride 
of  phosphorus  is  fully  saturated  with  ammonia,  and  the  resulting  mass 
is  heated  at  about  230°  C,  and  washed  with  cold  water.  It  is  an 
insoluble  body,  capable  of  decomposing  metallic  salts.  One  atom  of 
hydrogen  is  replaceable  by  potassium  or  ammonium.  When  treated 
with  slightly  acidulated  nitrate  of  silver,  it  gives  a  tetrazotic  salt, 
F^N^  Az,  O.,  which,  when  decomposed  by  mineral  acids,  yields  tetra- 
phospho-tetramic acid  and  other  compounds. 

Amidated  Oxychlorides  of  Phosphorus. — The  oxychloride  will  absorb 
either  2  or  4  molecules  of  ammouia ;  and  there  can  be  little  doubt  that 
the  resulting  white  solids  consist  of  chloride  of  ammonium  mixed  with 
P(NH,)C1,0  in  the  one  case,  and  P(NH,),C10  in  the  other,  but  I 
have  never  succeeded  in  separating  them  in  a  condition  fit  for  analysis. 
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If  either  of  these  comp(iun(lfl  be  strongly  heated,  liydrochloric  ocid,  or 
chloride  of  ammonium,  is  given  ofi*,  and  there  remains  jphotphomir^U^ 
P.\0. 

By  the  action  of  heat  on  tlic  substancea  already  described,  other  com- 
pounrls  may  also  lio  prepared,  thus 

I*yropho8pho-it i t rijJ ic  aciJ. — Tf  pyroplio-^pho-tn'fimato  of  pota-'>iiini  be 
heated  at  a  dull  rodiicss,  it  l(»sos  iwo-tliirda  id'  its  iiitrogcii  as  amrnoriia. 
leaving];  a  fiisrd  mass,  wliiidi  is  insoluble  in  water,  but  forms  compoKii  i:- 
when  treated  with  mUev  or  copper  salts.  These  have  the  composition 
of  pyrophospho-nitrylatcs,  P^XAgO^.  If  pyropluispho-triamic  acid 
itself  be  similarly  heated,  it  parts  with  one  molecule  of  ammonia,  and 
gives  a  body,  H,  O,,  isomeric  with  pyro})hos}dio-nitrylato  oi 

aminoninm,  which  ia  speedily  resolved  by  damp  air  into  pyrophosphamic 
acid  and  otlu  r  compounds. 

The  process  adopted  for  the  nniil  vKis  of  these  acid  amides  wa:>  that  of 
boilin«j  them  with  8tron«i:  In  drochluric  acid.  This  converts  them  all  ixiio 
ammonia  and  ordinary  phosphoric  acid,  which  were  determined  in  the 
usual  manner. 

Theoretical  OatutUutim* 

A  difficulty  in  undentandiDg  the  formation  of  the  bodies  mbo?e 
described  from  oxjcbloride  of  pUospborus  arieea  from  the  fiict  that  thej 
ooatun  P,...  or  P^...,  while  the  original  phoephonu  compound  contains 
but  one  Atom  of  that  element.  The  following  oonsiderationa  maj  fur- 
nish a  probable  explanation  and  reveal  their  true  constitution. 

When  a  chloride  and  water  act  on  one  another,  three  different  couzees 
are  open,  each  giving  hydrochloric  acid  as  one  of  the  results.  In  the 
first  case  the  dilorine  combines  with  one  of  the  atoms  of  hydrogen, 
while  the  renudning  hydroxyl,  HO,  takes  its  place  in  the  original  oom* 
pound,  thus 

PC1,+3H^0=3H  Cl+P      O,  {pho^pkormis  acid). 

In  the  second  ease  two  atoms  of  chlorine  simultaneously  attack  the  two 
atoms  of  hydrogen,  and  the  liberated  single  atom  of  oxygen  takes  their 
place,  thus: — 

P  CI, -I- II,  0=211  Cl  +  P  CI3  O  (o:ti/chIoride  of  phosphorut). 

In  each  of  these  cases  we  may  consider  the  new  compound  as  formed 
on  the  same  type  as  the  original  chloride,  only  the  chlorine  is  differently 
replaced. 

CI  no 

In  the  one  case  P  CI     becomes  P II O, 

CI  no 

CI  CI 
and  in  the  other  P  CI  ^.  becomes  P  CI  O. 

a^*  CI 
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But  there  is  a  third  case  ia  which  the  two  atoms  of  hydrogen  in 
water  are  attacked  Himultaneously  by  two  atoms  of  the  chloride,  and 
the  result  is  that  the  oxygen  is  left  in  combination  willi  two  niokuules 
of  tlie  substanee  originally  combined  with  the  chlonne.  Here  it  is 
simplest  to  consider  that  it  is  the  water  type  wluch  is  preserved. 

It  ia  this  third  mode  of  action  which  explains  the  production  of  the 
compounds  containing  P^...  and  ... 

If  we  act  on  oxyehloride  of  phosphorus  with  water,  a  dew  replace- 
ment of  the  chlorine  takes  place,  each  atom  decomposing  a  molecttle  of 
^ater,  and  the  resnlt  is — 

CI  HO 
PC10+3fi  [0=8H01+PHOO, 
CI  HO 

which  is  PH^O^,  irihaiie  or  orih<hph^honc  acid.  If,  however,  we 
employ  strong  solutions  of  potash  or  ammonia,  the  resnlt  is  totally  dif- 
ferent. We  now  obtain  salts  of  an  acid  formed  not  on  the  type  of  the 
ozychloride,  but  on  the  type  of  the  alkaline  hydrate,  or  water.  To  ex- 
plain this  the  reaction  must  be  broken  up  into  two  stages,  though  it  is 
not  improbable  that  these  may  occur  simultaneously  in  nature.  These 
stages  are<— 

2PCl,0-f  5}0=  XCi+HCl+Jg»2j0, 

P 01, 0  J  ^^^H  i  ^        ^^^P(H 0),0  /  ^' 
which  is  P,     O^  ^^yrophoepkorie  acid. 

There  still  remains  another  mode  of  action,  the  replacement  of  2  CI 
in  the  oxyehloride  by  0,  and  this  may  be  eipressed  in  the  two  following 
stages, 

P  CI,  0  +  2^ I  0=2K  Cl  +  P  CI  O  O, 

PC10  0+  ^|0=  KC1  +  P(K0)0  0, 

which  is  P  K  O3,  metaphosphaie  efpokueium.  And  iliis  is  actually  p]x>-» 
duced  when  the  oxyehloride  is  dropped  on  oxide  of  potassium,  and  a 
similar  reaction  takes  place  with  dry  se.^qulc-arbonate  of  ammoninm. 

Et-'vcrtiDg  to  pyroplu;^pho^ic  acid,  if  ^  O  }  ^  rational 

formula^  it  is  easy  enough  to  understand  that  amides  ave  readily  formed, 

and  to  see  how  upon  neutralizing  it  with  ammonia,  onr  ttioIccuIc  of 

I'      JlM^Yi  O^ O  1 
11  0  is  apt  to  be  replaced  by  N  H,,  giviiig         H  O),  O '         J  ^' 

tlio  pyropiiospltamate,  iustead  of  p^j^  O  J  pyrophosphate 

of  aromonium. 

Nor  is  it  difficult  to  understand  the  formation  of  pyrophosphodiamio 
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acid,  when  we  start  not  with  the  oxychloride,  but  with  the  amidated 
oxychloride  of  phosphorus.  The  two  stages,  analogous  to  those  givea 
above  for  the  formation  of  pyrophosphoric  acid,  will  be 

2P (N  H,)  CI,  0+  JJ  j  0=2H  Cl+J,'  g'  jj^j  ^  ^  }  O. 

P  (X  H,)  CI  O  1  „    ,H  \  o^2„  „,,V  iS  U,)  (H  O)  O  1  q 

wbich  is     (N  ^^H^  0|«  jByrqpXMpJl0>iMMte  oM. 

The  symmefcij  of  this  leaetioiL  would  be  loot  were  pyrophospliatiik 
acid  prodaoed,  and,  indeed,  it  seems  never  to  ooeur  among  tbe  anb- 
stances  aetnsUj  formed. 

Bnt  the  pyro-diamic  acid  may  be  equally  produced,  if  ve  start  witii 
the  higher  amidated  oxychloride  formed  at  a  low  temperature.  In  this 
case  it  is  necessary  to  suppose  that  while  two  molecules  of  the  phos> 
phoms  compound  attack  one  molecule  of  water,  two  other  mdeculea  of 
water  give  rise  to  the  usual  replacement  of  H  O  ibr  N  B^.  The  two 
stages  are  precisely  analogous  to  those  given  above,  but  are  probably 
simultaneous,  the  reaction  being  fiivoured  by  the  affinity  of  the  hydro- 
chloric  acid  for  the  ammonia, 

P  (N  HJ,  0 1  Q     H I  ^   P  (N  H^CH  O)  O  1  ^ 

P(NH,),Oi  ^^''hJ  ^   ^^^^P(NH,)(HO)OJ  ^' 

which,  as  before,  is  Pj  (N  H,),     0„  pyrophotpho-diamic  acid. 

The  formation  of  pyropho»pho-triamie  acid  is  dependent  on  some 
alteration  in  the  amidated  oxychloride,  when  produced  at  a  high  tempe- 
rature. As  the  nature  of  this  change  is  unknowu,  it  may  be  better  not 
to  speculate  on  the  intermediate  stages,  but  the  result  of  the  action  on 

water  would  seem  to  be  ]^  ^1?     ^  I  O,  or  P.  (N  BL),  H  O.. 

P  (N  H^)^ O        j  "  ^ 

If  this  be  the  tnie  cxplaimtiou  of  the  manner  in  which  the  pyrophoa- 
phoric  amides  are  formed,  it  will  equally  explain  the  formation  of  the 
tctraphosphoric  compounds.  It  does  not  follow  that  when  two  mole- 
cules of  the  amidated  oxychloride  have  attacked  one  of  water  to  form 

P  (NHJ  S  0}  ^'        ^  P.(NH,),CJ.O^  the  remaining  chlorine 

should  be  replaced  by  H  O.  The  process  of  attacking  both  atoms  of 
hydrogen  in  water  may  be  repeated,  thus — 

2P. (N H.).  CI. 0.+g }  O-SH  a-^l'  ^  J'j"  ^[  JJ^ }  O, 

which,  when  acted  on  by  water  in  the  uauai  way,  gi  \  c  s 

P,  (N  H,),  CI  O,  \  o  .       \  Q^^j^  ^   P,  (N  II,).  (K  0)OA^ 

which  is  P^  (N  HJ«  H,  O,,  teirapka^icUiramie  acid^  And  this  ooni- 
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pound,  like  the  pyro-diamic  tuadif  may  1>e  prepared  from  the  higher 
aniidated  o^cUoride,  and  the  procew  is  ci^hle  of  the  same  eipla- 
nation.  The  three  stagee,  prohahlj  aimnltaneous,  are  as  follows : — 

2P(NH.),C10+  J}  0-2H01  +J  jJJ^'J^o}  ^  ^a(NHJ,0., 

P.  (NH,),  O,  J  "^^^H  /  ^"^^  ^+P,  (NH,),  (H  O)  0.  J 

•which  is      (N  HJ,      0^,  teirapltospho-tetramic  acid. 

The  teini£/totij)horic  acid,  of  wlucli  this  ia  the  fourth  a  mi  do,  mu8t  bo 
0,3,  a  substance  aln^udv  Iniowu,  at  loaat  iu  its  saiu,  for  it  is 
Fleitmaun  and  Henneberg'3  phosphoric  acid. 

On  tlie  view  given  above  the  rational  formulffl  of  the  four  phosphoric 
acids  may  be  thus  expressed : — 

Ortho-phosphoric  acid   P  (H  0),  0. 

Metapphosphorie add   pj^^jo. 


Pyro-phosphoricaad    P(Hoj;o}^' 

PCH0)'0|  M 

Tetra-phosphoric  acid    P  (H  0)  O  J  ^ 

P(H0),01  Q 
P(HO)  OJ  J 


It  is  more  di£Bciilt  to  assign  satisfactory  rational  formuls  to  the  two 
eomponnda  containing  P^  N,....  The  fact  that  the  atoms  of  nitrogen 
are  uneven  in  number  destroys  the  sTmmetry,  and  seems  to  point  to 
their  being  products  of  decomposition  of  Hubstances  containing  P^  . . . 
That  thoy  both  belong  to  the  tetraphosphoric  series  is  eridenced  by 
their  giving  rise  easily  to  tetraphospho-tetramic  acid. 

The  reactions  of  the  liquid  P^  N,  Hj^  0„  indicate  that  it  is  an  add 
ammoniiim  salt,  or  is  readily  transformable  into  such.    Hence  I  have 
called  it  tmmmamified  UiraphaspkHUamie  add,  and  its  formula  will  be 
P(NH.)(KH,0)Oi  ^ 
P  (NH^O)O/^ 


P(NHJ(HO)  OJ^' 


0,orP,(Niy.(NHJ.HO„. 

P  (NH.0)0'^' 
The  fermstion  of  a  tetraphospho-tefcramate  from  a  salt  of  this  structure 
would  be  analogous  to  the  ready  passage  of  pyrophosphate  of  ammonium 
into  a  pyrophosphamate. 

The  add  P«N«!S.  0^  to  which  has  been  given  the  proYisional  name 
tetraphospho-penfaxotic  aHd^  is  perhaps  derived  from  the  deeompodtion 
of  tetraphuspho-hexamide,  P^  (N  H,)«  0^,  which  is  the  complete  amide 
of  tetraphosphoric  add»  and  is  a  very  likely  substance  to  be  formed  by 
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the  action  of  water  on  P  (N  H,),  CI  O  that  had  baen  expoaed  to  hett, 
and  probably  converted  into  P,  (N  H^^  CI,  O,.  If  thia  hazamide  xcaUy 
exist,  it  ia  at  once  liroken  down  by  the  freed  hydroehlorie  aeidy  \^ 
hydrate  of  potaeaium,  thus — 

P,  (N  HJ.  0,+H  C1«N  H,  Ci+P,  N.H,  0„ 

giving  rise  natntally  to  a  monohaaic  acid. 

If  we  regard  the  eomponnd  resulting  from  tiie  action  of  nitrate  of 
silver  on  this  acid  as  containing  imidogan  NH,  Instead  of  amidogea 
NHj,  it  gives  a  formula  of  great  symmetry  of  atructure — 

P(NH)Ag01  . 

P(NH)      0/^1  p.vTT^  AcO 

P(NH)   "Oj  J 
and  the  salt  would  bear  the  name  of  tetrt^hotplo-UMmaie  tf  miXmmr. 

III.  "  Ovibos  moschaius  (Blainville)/'  By  W»  BoYD  Dawkins, 
M.  A.,  F.G.S.  Communicated  by  Prof.  Huxley.  B«eeived  May 
9, 1867. 

(Abstrsct.) 

Ovihos  inoschafus,  inoro  comijuuilv  laiowii  as  tliG  musk-ox,  has  been 
described  uudtr  dillVrent  uhuus  by  naturalists  as  tlicir  opiuions  fluc- 
tuated conceruing  its  nfTniilii  s  with  the  o\.  biiftUKi,  or  sheep.  It  is 
called  the  musk-ox  bv  all  tiie  arctic  explorers,  Bos  viotchatus  by  Sehre- 
ber,  Zimmeruiaim,  i\ mwint,  and  Cuvier,  nuisk-butTalo  allied  to  the 
Muhalmi  Cqffir  of  South  AlrSoa  by  Professor  Owen,  Ovibos  moachatvt 
by  De  ]ilauivi]k\  Dcsiuiuc.-i,  Kichardnon,  and  M.  Lartet.  That  the 
latter  foiu:  naturalists  are  right  in  the  j  lace  they  assign  to  it  in  the 
zoological  scale,  intcnnt  Jiate  between  Ovis  and  7j»o«,  is  proTed  both  by 
the  natural  history  and  the  oHicolo'^y  of  tlic  animal.  The  absence  of  a 
muffle  and  dewlap,  the  hairiness  of  the  nostrils,  the  shortness  of  tail  and 
Bmallnes;3  of  ta.i,  and  the  ])u^scssiou  of  two  teats  only,  separate  the 
animal  from  Bos  and  connect  it  ^vith  Ovis,  while  the  large  size  and  long 
gestation  of  nine  months  diftV  i\  iuiate  it  from  the  latter  animaL  Precisely 
the  same  evidence  is  alfordcd  by  its  skeleton.  In  the  skull,  the  taper- 
ing of  the  anterior  portion,  tlie  prominence  of  the  orbit,  the  verticali^ 
of  the  facial  plate  of  the  maxillary,  the  presence  of  a  larmier,  thesquare- 
ncsH  of  the  basisphcuoid.  the  presence  of  the  oceipito-parietal  suture  on 
the  coronal  suilai  c  ,  in  the  dentition,  the  sharpness  of  the  costie  1,2,  and  3, 
and  the  absence  of  the  accessory  column  from  the  inner  interspace  of 
the  lobes  of  tlie  upper  teeth  arc  among  the  cliief  ovine  characters,  and 
throughout  the  .  kt  K  ion  the  same  ovine  tendency  is  manifested.  With 
the  exception  of  the  gicul  development  ui  iioriia,  there  is  no  point  in 
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coDimon  between  it  and  Buhalus  Cafir.  TKc  oacroachaieiLt  of  honv* 
cores  or  parietals  differentiate  it  from  the  sheep. 

The  animal  ran  1^68  at  the  present  day  from  Fort  Clmrcliill,  ];it.  00°, 
northwards  as  far  as  the  arctic  eea.  and  eastwards  as  tar  an  Cape 
Bathurst,  lat.  71°,  living  for  the  most  part  on  the  ''barren  groundH,'* 
and  never  penetrating  far  into  the  woods.  In  geological  times, 
however,  it  had  a  far  greater  range  eastwards  and  southwards.  In 
the  pleistocene  river-gravels  lying  on  the  solid  ice  in  Eachscholtz  Uay, 
in  Kussian  America,  it  is  found  associated  with  the  elk,  reindeer, 
bison,  horse,  and  mammoth.  Traces  of  the  animal  ranging  further 
to  the  east  are  afforded  by  the  skull  found  ou  the  banks  of  the  Yena, 
in  lat.  70^,  long.  135°.  Dr.  Pallas's  discovery  of  two  skulls  on  the 
banks  of  the  Obi  brings  the  animal  still  closer  to  the  borders  of 
Europe.  Ail  three  skulls  were  found  in  the  "Tundas,"  or  treeless 
"  barren  grounds  "  of  Siberia,  in  the  same  series  of  gravels  which  afford 
such  vast  stores  of  fossil  ivory.  In  Germany  it  has  been  found  in  three 
localities  ;  and  in  France;  in  the  valley  of  the  Oise,  it  is  associated  with 
flint  implements  of  the  St.  Acheul  type,  and  with  the  mammoth  and 
JClephas  antiquus.  It  has  also  been  found  in  the  reindeer  eaves  of  Peri- 
gord,  under  circumstances  that  prove  beyond  doubt  that  the  animal 
was  eaten  by  the  reindeer  folk.  In  England  it  has  been  found  in  three 
gravel-beds  of  late  pleistocene  age,  near  Maidenhead,  at  Freahford  near 
Bath,  and  at  Grecnstrect-green  near  Bromle}'.  In  1866  the  author  dug 
it  out  of  the  lower  brickearth  of  Crayford  in  Kent,  where  it  was  as- 
sociated with  Hhinoceros  Megarhinus^  M.  leptorhmui  (Owen),  and 
JElephat  antiquus.  The  skuU  in  this  latter  case  belonged  to  a  re- 
markably fine  old  male.  Thus  its  present  limited  range  in  space  con- 
trasts  most  strongly  with  its  wide  range  in  pleistocene  times  through 
North  Siberia  and  central  Europe,  north  of  a  line  passing  through  the 
Alps  and  Pyrenees.  Its  association  with  animals  of  a  temperate  or 
else  souUiern  zone  is  to  be  accounted  for  by  its  having  been  driven 
from  its  usual  haunts  by  an  unusually  severe  winter.  The  rarity  of  its 
remains  proves  that  it  was  not  so  abundant  as  those  ffpim^la  wbiok  are 
associated  with  it  in  France,  Germany,  and  Britain. 

Professor  Leidy  Agures  and  describes  two  fossil  skulls  most  closely 
allied  to  Ovibo$  wtofckaius,  from  Arkansas  and  Ohio,  under  the  name  of 
JBcotk^rum  eavifrofu  nii<l  JL  bomb^ront'f  they  are,  bowerer,  most  probably 
the  male  and  female  c»f  the  same  species.  Tbej  differ  from  OpHom  mo§* 
ekatu9  only  iu  tbe  direction  of  theur  bom-cores,  and  in  their  bases  meeting 
and  becoming  Aised  on  the  coronal  surface  of  the  male  skull.  The 
HornTceres  are  supported  both  by  tbe  frontals  and  parietals.  In  other 
respects  tbey  presoat  tbe  same  ovine  affinities  as  OvUm,  and  certsinly 
belong  to  tbe  same  genus. 
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IV.  "Variations  in  Human  Myology  ol)scrvecl  during  the  Winter 
Session  of  18116-67  at  Kinj^*s  College,  Loudon/^  By  Joun 
Wood,  F.K.C.S.,  Demonstrator  of  Anatomy  (with  a  Table  and 
Seven  Drawings).  Communicated  by  Dr.  Bharpey.  Be- 
ceived  May  9«  1867. 

A  largely  increased  number  of  abnormalities  bas  been  tbe  Temtkt  of 
a  systematic  observation  of  iMrty-nse  subjects  during  the  past  winter 
session.  This  has  been  owing  partly  to  the  comprehension  of  one  or 
two  xrr^iQlarities  which  are  commonly  referred  to  in  systematic  works 
on  anatcmiy, — such  as  the  coronoid  origin  of  the^^jror  polUeU  lon^ut  and 
the  insertion  of  the  extemor  ouU  m^acarpi  poUich,  partly  to  the  more 
productive  results  of  a  T^pihmt  supermtendence,  an  incremd  effictencj 
In  the  dissections.  For  much  of  this  the  anthor*s  thanks  are  due  to  the 
able  hdp  of  his  assistantSy  Messrs.  Ferrin  and  Amsden,  and  tho  intelli- 
gent Eeiil  of  many  of  the  anatomical  class.  Mainly,  no  doubt^  the 
increase  is  owing  to  an  absolutely  largo*  number  of  abnormalities.  Hie 
value  of  the  observations  to  the  author  is^  of  course,  much  increased  bf 
his  having  personally  and  thoroughly  examined  every  specimen  befine 
noting  it  down,  and,  if  possessing  sufficient  interest  or  novelty,  sketdi* 
ing  it  from  the  subjeet.  The  eiact  numerical  resnlte  thus  arrined  at 
have,  in  almost  all  important  particulars,  confirmed,  but  in  some  modi- 
fied, ihe  condusions  as  to  frequency  and  eoindd^ce  given  in  tiie 
author's  former  papers.  What  the  author  has  termed  the  Um  of 
wniatian,  i  e.  the  partieular  musdes  which  are  by  fiur  most  oommonly 
affected,  are  nearly  identical  with  those  of  last  year,  as  will  be  found  by 
comparing  the  columns  of  the  appended  Table  with  thoee  of  llie  former. 
Only  a  few  different  vrill  be  found  Id  the  columns  occupied  by  the 
sundry  Bpecimens. 

Out  of  the  total  nnmbor  of  206  abnormalities  of  musdes  in  M  sub- 
jects showing  abnormsHties  (as  compared  with  182  in  82  subjects  of 
last  year),  we  have  in  the  head  and  neck  11  musdes  affected  with  va- 
rieties, as  compared  with  10  of  last  year.  In  the  arm  we  have  30  lines 
of  muscular  variation  as  compared  with  26  %  while  in  the  Uy  we  have  20 
as  compared  irith  14  in  last  year's  subjects. 

The  increase  will  be  seen  to  be  disproportionately  greater  in  the  leg. 
In  this  part  also  is  the  absolute  number  of  the  specimens  increased ;  for 
while  those  in  the  head  and  neck  proper  (acting  only  on  the  parts  or 
bones  of  tiie  head,  neck,  and  spine)  are  IS  as  compared  with  10,  and 
those  of  the  arm  157  as  oompaiedwith  83,  those  of  the  leg  are  increased 
to  106  as  compared  with  89.  This  raises  the  proportion  of  abnorma- 
lities in  the  leg  to  two-thirds  of  those  in  the  arms,  as  compared  with 
rather  less  than  one-half  found  last  year.  This  seems  to  have  some 
significance  in  being  coincident  with  an  increase  in  the  number  of  female 
subjects  to  12,  as  compared  wiili  4  in  last  year's  list  The  author  has 
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remarked  in  former  papers  upon  the  apparent  greater  frequency  ot  one 
variety  in  the  foot,  viz.  "  the  abductor  ossis  metatari>i  quinti  '*  in  the 
female  subject.  Tliis  incrcaHo  is  clearly  maintained  in  the  results  of  the 
present  investigation,  and  apparently  extends  to  some  other  muscles  also. 

To  economize  time,  space,  and  the  difficidties  of  tabulation,  the  expla- 
nations necessary  to  understand  the  adjoined  Table  are  taken,  as  befon^ 
in  the  order  of  the  columns  therein  given. 

The  first  three  are  appropriated  to  the  muscular  varieties  of  the  Head 
and  N^eck,  numbering  31  instances,  viz.  24  in  the  22  mali  s,  and  7  in  the 
12  femalea,  ati'ecting  15  different  musclen.  Of  these,  the  cleido-occipital, 
trapezius,  occipito-scapular,  and  levator  anguli  seapul*,  amounting  to 
IG  instances,  are  to  be  considered  as  belonging  quite  as  much  to  the 
upper  extremity.  This  leaves  15  specimens  aft'ecting  11  muscles  of  the 
head  and  neck  exclusively. 

1.  Cleido-oceipitdl. — By  this  name  is  signified  a  muscle  usually  about 
three-quarters  of  au  incli  wide,  which,  arising  from  tl)e  border  of  the 
clavicle  outside  the  cleido-mastoid  portion  of  the  sternu-cleido-mastoi- 
deus,  is  placed  parallel  totheposterior  border  of  the  latter,  and  separated 
from  it  by  a  more  or  less  wide  areolar  interval.  It  is  distinguished 
from  the  cleido-ma«toid  proj)er  by  ita  insertion  into  the  superior  curved 
line  of  the  occipital  bone  on  the  Bame  plane  as  the  Ubres  of  the  steruo- 
mastuid.  It  joins  close  up  to  the  trapezius,  with  which  its  upper 
fibres  are  sometimes  united.  The  true  cleido -mastoid ,  on  the  other 
hand,  is  inserted  deeper  than  the  fibres  of  the  uterm-mastoid  into  the 
mastoid  portion  of  the  temporal  bone.  It  has  btM^n  recognized  as  an 
occaaional  accessory  portion  of  the  stemo-cleido-raastoideus,  by  Meckel, 
Kelch,  Soouimcrring,and  llenle.  In  auimak  it  forms  an  important  part 
of  the  muscle  called  the  Cephalo-humeral.  There  were  in  the  31  subjects 
examined  no  less  than  12  specimens,  all  on  both  sides.  In  subject  21  it 
was  very  large,  broad,  and  double,  with  a  superficial  slip  of  communi- 
cation with  the  cleido-mastoid.  Last  session  the  proportion  of  specimens 
was  sinkingly  similar,  viz.  one-third  of  the  whole  number  of  subjects. 

2.  Omoh  i/oid. — One  of  the  five  specimens  of  abnormality  in  this  muscle 
was  found  in  the  hinder  belly  arising  from  the  whole  length  of  the 
middle  third  of  the  chivicle  covermg  the  subclanan  artery  (Jsu.  17).  In 
the  four  others  the  anterior  belly  was  implicau  il.  In  No.  6  it  received  a 
muscular  slip  from  the  stcrno-hyoid.  in  No.  19  it  contributed  a  largo 
slip  to  the  same  muscle,  the  latter  being  double  also  at  its  origin,  and 
givmg  off  a  muscular  bundle  to  its  fellow  on  the  opposite  side  across  the 
median  line.  In  No.  20  the  anterior  bcUy  was  double,  the  posterior 
portion  being  attached  by  fascia  to  the  stylo-hyoid  muscle,  which  did 
not  reach  the  hyoid  bone.  In  No.  27  the  anterior  belly  w  as  triple,  the 
middle  portion  becoming  the  normal  insertion,  the  front  one  being  in- 
Berted  into  the  cervical  fascia,  and  the  hinder  one  implanted  into  the 
upper  horn  of  the  thyroid  cartilage. 
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3.  lu  one  of  the  subjects  (No.  3)  the  whole  of  the  fibres  of  origin  o£ 
I  ]  1  f  Splemm  eolU  were  placed  euperficial  to,  izutead  of  deeper  than,  thoae 
of  the  semttts  posticus  superior,  which  thus  intervened  between  those 
of  the  lower  parts  of  apkniua  capitis  and  eoHi,  the  origina  of  these  latter 
bei'ML^  in  other  leepecte  normal. 

In  No.  28  was  found  n  muscle  which  preaenta  what  is  possibly  a  fur- 
ther development  of  this  displacement.  The  muscle  was  flat  and  riband* 
like,  three-quarters  of  an  iuch  wide,  attached  abore  to  the  tranarerae 
process  of  the  atliu  behind  the  levator  anguli  acapulsD,  and  between  it 
and  the  splenius  colli*  Fassiiig  down  and  inwards  for  about  6  inches,  it 
ended  at  the  spinous  process  of  the  first  dorsal  Tertebra  in  a  short  flat 
tendon  with  diverging  fibres,  which  passing  beneath  the  rhomboideos 
minor,  became  blended  with  the  deep  surfiice  of  the  upper  fibres  of 
origin  of  the  rhomboideus  major  half  an  inch  from  their  attachment 
Some  of  the  fibres  were  lost  on  the  tendon  of  the  aerratua  poetieiu 
superior  also. 

A  muscle  closely  similar  to  this  h^  born  described  by  Mr.  Macali$iter, 
of  the  Boyal  College  of  Surgeons  of  Dublin,  in  a  paper  published  in  tli? 
*  Proceedings  of  the  Eoval  Irish  Academy  '  (April  1866,  vol.  ix.  pi.  t.) 
under  the  nunc  of  the  r/iom  ho-axM  (by  misprint  for  atloid) .  In  hia  case 
tlie  muede  wan  connected,  however,  irith  the  rhomboidexu  minor  on  its 
deep  surface.   In  both  instancea  the  spleniua  colli  was  coexistent. 

A  still  more  striking  miisrula?  anomaly,  and  possibly  a  further  dc- 
velopment  of  the  same  tendency,  was  seen  in  subject  20  (fig.  1).  A 
distinct  riband-ethaped  muscle,  three- quarters  of  an  inch  wide,  a  quarter 
of  an  inch  thick,  and  10  inches  long  (a),  was  attached  to  the  occipitml 
hone,  on  a  level  with  the  splenius  capitis  (6),  directly  under  the  line  of 
junction  of  the  trapezius  (c)  with  the  cleido-occipital  muscle  (</),  which 
was  also  present.  Passing  down  and  outwards,  iv^erficial  to  *nd  ob> 
liquely  across  the  splenii  and  covered  by  the  trapezius,  it  was  inaerted  by 
short  tendinous  fibres  posterior  and  superficial  to  the  insertions  of  the 
rhomboideus  minor  (e)  and  major  {/)  muscles  into  the  border  of  the 
scc^ula  opposite  to  the  spine  luid  upper  part  of  the  infraspinous  fossa. 
Its  fibres  of  insertion  were  more  or  less  blended  with  those  of  the 
rhomboids. 

Tlio  author  has  named  this  muscle  the  OeeipUo-'McapuJar.  It  may  be 
conRidercd  ns  a  slip  of  connection  from  the  origin  of  the  trapeziua  (f) 
with  tlie  insertion  of  the  levator  anguli  scapuln  (^),  in  the  aaw 
manner  as  tlie  levator  claviculce  may  be  considered  as  a  muscle  coonect- 
ing  the  origin  of  the  latter  muscle  with  the  insertion  of  the  former, 
thus  falling  among  a  numerous  class  of  abnormal  human  muscles  aa 
arranged  by  the  author  in  his  first  paper  upon  the  subject.  Its  action 
would  evidently  be  to  approximate  the  scapula  to  the  occiput,  assisting 
the  levator  anguli ;  and  to  raise  the  head  backwards,  assisting'the  com- 
plexus,  splenius,  and  trapezius.    The  author  has  not  met  with  any 
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mention  of  such  a  muscle  fn  tlie  authorities  he  has  consulted.  He  has 
found  the  exact  similitude  of  this  muscle  in  the  tame  Mabbit.    In  this 


PSg.l. 


animal  it  is  of  like  shape  and  proportionate  sice,  and  has  nn  origin, 
insertion,  and  relations  almost  exactly  the  same.  It  is  attached  to  the 
occiput  close  to  the  mas- 
toido-occipital  suture.  Oppo- 
site the  iuten  al  between  the 
cleido-mastoid  and  trapezius, 
«nd  is  connected  below  with 
the  insertions  of  the  rhom- 
boids into  the  scapula. 

This  curious  concurrence 
is  rendered  the  more  re- 

2u2 


Digitized  by  Google 


Fig.  2. 


522        Mr.  J.  Wood  on  VaruOimu  m  Ihmum  Myology.    [May  23, 


mftrkable  bj  the  additional  presence  in  the  fore  leg  of  the  same  animal  of 
•  BOmevt'hat  fan-shaped  muscle,  connecting  the  ^itroekUa  and  the  ole- 
As  far  as  the  author  is  aware,  this  is  also  nniecorded  hitherto. 
It  is  entirely  distinct  from  the  inner  head  of  the  tiioepe,  from  which  it  is 
separated  by  the  ulnar  nerve.  AcroM  the  nerve  this  small  muscle  is 
placed  superficially.  The  same  muscle  was  found  by  the  author  in  a 
htunaa  male  subject  (No.  7  of  the  Table  of  last  year's  series)  as  a  distinct 
muscular  slip,  arising  from  the  back  part  of  the  epitrochlea^  bridging 
OTcr  the  ulnar  nerre,  and  separated  by  it  from  the  triceps  abore,  and  by 
a  distinct  areolar  interval  from  the  fiucial  arch  which  gires  origin  to 
the  flexor  carpi  ulnaris  muscle  below.  A  sketch  of  this  muscle  la  given 
in  fig.  2  (a).    It  may  be  called  the  "  Anconem  tpitrochUarUy 

In  two  subjects  were  found  abnormalities  of  the  Trapezius  (Nos.  4  &, 
18).  The  first  was  one  of  deficiency,  the  fibres  of  origin  of  the  right 
muscle  reaching  only  as  low  as  the  tenth  dorsal  spine,  and  those  of  the 
left  only  to  the  eighth.  In  the  other  the  insertion  of  the  muscle  op<> 
posite  to  the  Bcnpular  spine  gave  06"  a  strong  aponeurotie  slip  down  and 
outwards  to  the  lower  angle  of  the  scapula. 

In  a  very  muscular  subject  with  many  irregularities  (No.  II)  vaa  a 
curious  arrangement  connected  with  the  fibres  of  the  JPlatgrnna  just 
below  the  chin.  A  superficial  band  of  muscular  fibres,  an  inch  and  a 
half  wide,  arose  on  both  sides  from  the  mastoid  process  and  parotid 
fascia,  and  passed  down  and  forwards,  slightly  narrowing  and  thickening, 
to  unite  with  its  fellow  just  below  the  point  of  the  chin.  It  crossed  the 
insertion  of  the  masseter,  the  angle  of  the  lower  jaw,  and  the  facial 
artery,  superficial  to  the  "risorius  Santorini,"  which  was  normsL 
Kelch  has  described  this  variety  (as  seen  in  two  PTihjects)  by  the  name 
of  the  Musculus  menti  accessorius  (Bcitriige,  xx.  S.  30). 

In  one  subject  (No.  5)  the  anterior  belly  of  the  IHgattrie  was  double^ 
the  inner  abnormal  one  being  attached  to  the  median  raphe,  but  not 
decussating  with  its  fellow. 

In  a  female  (No.  17)  was  found  the  curious  muscular  slip  given  in 
fig.  3  (fl),  on  the  left  side  only.  It  is  called  by  the  author  the  Jlt/lo^ 
gloMiis  muscle.  It  arose  tendinous  from  the  iuncr  border  of  the  anglo 
of  the  lower  jaw,  behind  and  helow  the  internal  pteryf^oid,  spreading 
out  down,  inwards,  and  forwards,  to  be  inserted  into  the  fibres  of  the 
tongue,  between  the  stylo-  and  hyo-glossus  muscles  {h  &  e),  joining 
especially  the  latter.  The  facial  artery  passed  deeper  than  the  muscle, 
and  the  border  of  thr  siibmnxillnry  gland  overlapped  it.  HcdIc  saw  a 
cylindrical  muscle  arisint^;  from  the  same  place  and  joining  the  posterior 
belly  of  the  digastric  (Muskellehre,  S.  Tl'2).  Tliia  is  the  nearest  ap- 
proach to  the  above  muscle  the  author  has  found  mentioned. 

The  Sfylo-phariingms  was  in  one  subject  (No.  10)  found  doubled  on 
the  ri*];ht  side,  in  another  (No.  26)  the  Scalenus  medium  arose  by  a 
thick  band  of  fibres  covering  the  intertransversaUs  ixom  the  transverse 
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process  of  the  atlas.  In  third  (No.  27)  the  Scalenus  antieut  received 
a  large  slip  across  the  subclavian  artery  from  the  medius.  In  No.  30 
the  Levatortmguli  tcapuUo  sent  a  large  slip  of  its.  fibres  to  join  the  inser- 
tion of  the  scdenus  medius. 


Fig.  8. 


These  interchanges  have  been  frequently  obsenred  in  these  muscles. 
In  No.  32  was  a  well-marked  specimen  of  the  muade  named  by  the 
author  in  his  previous  papers  the  SuprtheoiUU,  It  was  attached  below 
to  the  third  rib  in  front  of  the  serratus  maguiis,  and  above  to  the  first 
rib  and  cervical  fascia.  In  No.  33  it  was  a  very  distinct  duplication  of 
the  Sectus  capitis  posticus  major,  like  that  described  by  Albinos  and  Stn- 
difort,  and  by  Douglas  both  in  Man  and  the  Dog. 

Twenty-one  columns  of  the  accompanying  Table  are  occupied  by  the 
muscles  of  the  upper  extremity  only.  Twenty-six  muscles  arc  concerned. 
The  instances  number  158»  vis.  117  in  the  22  males,  and  41  in  the  12 
'foiales. 

4u  FeetonUu  mqfor. — The  number  and  kind  of  abnormalities  of  this 
tauscle,  as  well  as  of  the  pectoralis  minor,  coincide  almost  exactly  with 
"those  of  laHt  year  in  nearly  an  equal  number  of  subjects.  In  one  (No.  5) 
was  a  detached  slip  arising  separately  from  the  abdominal  aponeurosis 
opposite  the  seventh  costal  cartilage,  and  crossing  the  axilla  to  be  in- 
-serted  into  the  tendon  of,  and  fascia  coTering,  the  coraco-hrmohiaUt  about 
an  inch  below  the  coracoid  process.  In  another  (No.  6)  a  similar  slip 
arose  from  the  fifth  rib  connected  with  the  lower  fibres  of  the  pectoralis 
nu^,  and  was  inserted  with  the  pectoralis  minor  into  the  coracoid  pro- 
cess joining  on  to  the  covaoo-bradualis.  In  No.  20  a  separate  slip  arose 
from  the  abdominal  aponeurosis  at  some  distance  from  the  rest  of  the 
muscle,  and  was  inserted  into  the  deep  surfiMe  of  its  tendon  at  the  upper 
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bender,  oonnficted  with  the  **  freatmi  «iii^>eii8oriiim.'*  Such  slips  of  the 
pectonilii  major  were  noticed  long  ago  by  Sir  Charles  Bell  (Anatomy^ 
p.  802, 1829).  In  No 82  a  hand  of  fibres,  abont  an  inch  broad,  detached 
themselTee  from  the  lower  border  of  the  peetoraUs  major,  and,  earru^ 
gradnaUy  away  from  the  rest  down  the  arm,  were  inserted  into  a  long 
roundish  tendon  about  three-eighths  of  an  inch  wide^  which  croasod  the 
brachial  tcsscIs  and  nerres  obliquely  down  and  inwards,  and  joined  the 
internal  brachial  ligament  about  2  inches  above  the  inner  condyle.  Al- 
together this  was  a  fair  specimen  of  the  Chimiro-epitrodiiMr  muade  de* 
scribed  and  figured  by  the  author  in  former  papers  as  presenting  a  doae 
resemblance  to  the  muscle  so  called  in  the  Monkeys.  It  has  been  de- 
scribed also  by  Sonnmerring,  CaMani,  Theile,  Gruber,  CruYeilhier,  Ueole, 
Hallett,  Macwhinnje,  and  Macalister.  In  another  subject  (No.  133)  the 
claTicidar  fibres  of  the  pectoralis  major  were  uninterruptedly  continnoua 
with  those  of  the  deltoid,  the  oephalie  vein  passing  through  a  foramen 
low  down.  Otto  seems  to  have  met  with  this  peculiarity,  which  tie  de- 
scribes as  absence  of  the  davieular  fibres  of  the  deltoid  (Path.  Anatons. 
1880,  S.  249). 

5.  Peehralu  nmar* — ^Four  subjects  were  found  (Nos.  0, 8, 10, 4k  13) 
to  present  an  insertion  of  this  muscle  into  the  greater  tubmeity  of  the  * 
humerus  by  a  fiat  tendon  usually  uniting  with  that  of  the  supiUpapina- 
tus,  but  in  one  case  separately  inserted*  and  grooving  the  upper  siuftee 
of  the  coraooid  process,  where  it  was  provided  with  a  bursa.  Tbia  ar- 
rangement was  described  in  the  author*s  last  paper  as  resembling  the 
arrangement  in  the  Mammalia.  It  has  been  noticed  by  Meckel,  Har- 
rison (Dissector,  i.  p.  79),  by  Benson  (Cyd.  Anat.  &  Fhys.  i  p.  359X 
and  by  Macalister  (Joom.  Anat.  A  Fhys.  No.  ii.  May  1867,  p.  817)* 
In  another  (No.  9)  the  upper  fibres  of  the  left  pectoralis  minor  were  in- 
serted into  a  strong  costo^oracoid  membrane.  Those  on  the  right  side 
had  become  dereloped  into  a  separate  slip  of  muscle  nearly  anindi  widev 
which  was  inserted  into  the  lower  border  of  the  Glaride  itself.  Thia 
slip  was  connected  below  with  the  second  rib,  constituting  an  approadi 
towards  the  formation  of  a  StmuhiMmdmr  muscle,  as  described  in  the 
author's  last  paper. 

0.  Lirtu9miu  doni, — ^Five  sulgecta  were  aS'ected  with  varietiea  in  the 
insertion  of  this  musde.  In  tw<llliBma^  (Nos.  17  &  24)  the  abnorma- 
lity assumed  the  more  common  form  ci'^Achtelbojimt,**  ria.  a  short  slip 
across  the  vesseb  and  nerves  to  the  insertion  of  the  pectoralia  major. 
In  a  male  sutgect  (No.  8)  the  slip  on  the  right  side  was  connected  in  ft 
peculiar  way  with  the  ^ectonHk  siMcr,  but,  on  the  left,  in  the  oommoo 
form  with  the  pwUHralu  wu^or.  The  former  consbted  of  a  fiat,  Terticallj 
placed,  muscular  slip  1  inch  broad,  attached  below  to  the  upper  edge  ot 
the  tendon  of  the  latissimus  donn»  and  above  to  the  lower  border  of  the 
pectoralis  minor  about  an  inch  from  the  coraooid  process,  covering  partly 
the  axillary  vessels  and  nerves.  In  Nos,  20  A  28  the  tendon  of  -the 
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IfttissimuB  gave  attachment  to  a  strong,  thick  muBcular  slip,  which,  pas- 
sing  separately  down  the  upper  fourth  of  the  arm,  finally  joined  to  long 
head  of  the  triceps,  presenting  the  most 
marked  approximation  (espeeiallj  in  the 
last  subject)  to  the  Bormhepitrochlear 
muscle  in  the  Orang  and  other  Simiadee 
which  the  author  has  hitherto  found  in 
the  human  subject.   Both  the  subjects 

T^ere  males,  presenting  reapediTely  16        .^^^  Hllf W/i 
aud  1 1  muscular  variations.  mm 

7.  Bicepa. — Five  variations  were  pre- 
aented  by  the  or*7ms  of  this  muscle.  Two, 
one  male  and  one  female  (Nos.  7  &  24), 
showed  on  the  lefb  side  the  more  common 
third  head,  arising  from  the  humerus  be-  jHy^  | 

tween  the  corsoo-brachialis  and  brachialia 
anticus.   This  was  also  present  in  the 
right  ann  of  another  male  (No.  27).  On 
the  right  arm  of  No.  7,  and  the  left  of 
No.  27,  the  third  bead  arose  as  a  detached 
slip  from  the  coracoid  process,  and,  in 
one,  from  the  capsular  ligament  also,  form- 
ing a  fusiform  belly  which  joined  the  ten- 
don  of  insertion  separately  at  the  part 
which  gives  off  the  semilunar  &scia.  In 
two  others,  both  males  (Nos.  8  &  18),  the 
varieties  were  found  connected  with  the 
immii(m$  of  the  muscle.   In  the  first  it 
was  fonnd  in  the  left  arm  only,  and  pi«- 
sented  a  moat  complicated  arrangement 
(fig.  4).  The  origin  of  the  muscle  waa 
normal.   Just  below  the  junction  of  the 
two  heads,  about  the  middle  of  the  upper 
arm,  the  muscle  divided  into  three  fusi- 
foxm  bellies.  The  outer,  which  is  krgest 
(a),  presents  the  normal  insertions  into 
the  radius  and  semilunar  fiwda  (cut  at  h). 
The  middle  one  (0),  the  smsllest,  ends  in  a 
small  rounded  tendon,  which,  passing  ob- 
liquely down  and  inwards  between  the  ^  /  /  ^ 
aemilunsr  fascia  and  the  radial  insertion, 
becomes  lost  on  the  si^puMlpr  fiwcia  and 
the  huraa  of  the  radial  tuberosity  {d). 
The  inner  division  (e),  constituting  the  kiger  of  the  abnormal  bellies, 
ends  in  a  strong  tendon  which,  at  the  elbow,  divides  into  three  slips,  the 
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outer  joining  the  coronoid  insertion  of  the  hrachiaUs  amHeuw  «t  its  inner 
border  (j) ;  the  middle  once  is  implanted  upon  the  deep  or  coronoid 
origin  of  the  pronator  radii  teres  (/),  and  the  inner,  connected  under 
the  superficial  muscles  with  the  coronoid  origin  of  the  flexor  digUO' 
turn  ouhUmiM,  We  hA?e  thus  in  this  complicated  arrangement  fimr  in* 
aertiouB  in  addition  to  the  usual  two.  These  are,  moreoTer,  connected 
with  four  other  muscles,  viz.  the  brachialis  auticus,  the  proBBtor  xadn 
teres,  the  flexor  sublimis  digitorum,  and  the  supinator  brevis. 

In  aaother  subject  also  (Xo.  13),  the  biceps  sent  a  slip  to  join  As 
coronoid  origin  of  the  pronator  radii  tereo*  It  was  detached  from  the 
middle  of  tfae  inner  border  of  the  mosd^  as  a  band  of  muscular  flbrcs 
provided  witb  a  separate  tendon.  In  the  right  arm  tbis  joined  with  the 
temihtnarjiueia,  and  on  the  Idt  with  ths|MV«slor. 

8.  Ooraoo^raokiaiu. — In  four  instances  this  musele  presented  a  oqihr 
plete  interral  between  its  lower  fibres  implaated  into  the  internal  inter- 
muscular septum  and  brachial  ligpunent,  and  its  upper  fibres,  inserted 
into  the  hamems.  In  one  (Ko.  87)  its  highest  fibres  were  inserted  into 
a  fibrous  band,  constituting  an  upward  prolongstion  of  the  internal 
brachial  ligament  across  the  tendon  d  the  Istissimns  dotsi  and  teres 
major,  ss  described  hy  Henle.  In  all,  the  muscDlo-eutaneous  nerve 
passed  between  the  two  portions.  In  Ko.  80  the  masde  was  inserted 
into  the  intermnscular  septum  at  quite  the  lower  third  of  the  arm. 

9.  SraekialU  aniieui, — ^In  two  subjects  a  slip  of  the  outer  fibres  of 
this  muscle  was  continued  into  those  of  the  nypmator  hmguo.  In  one 
right  arm  (No.  26)  it  sent  off  over  the  brachial  yessels  and  median  nerve 
a  slip  of  fhscia  to  join  the  Msit^wMr.  In  one  (No.  81)  it  was  deeply  di- 
Tided  down  the  aoiddle,  the  outer  part  sending  some  fibres  into  the 
tupHuUor  Unguit  and  others  into  the  hieij^Ual  tomiimtar  fama»  The 
first-mentioned  peculiarity  has  been  before  described  hj  the  author,  and 
the  last  has  been  noticed  by  Hildebrandt^  8a>mmerring,  Theile,  and 
Meckel,  and  was  compared  by  the  last-named  anatomist  to  the  arrange- 
ment in  Birds. 

10.  JBleKor  mblimio  HgUorum  9.  perfora^. — Out  of  nine  instances 
of  irregularities  in  this  muscle  two  were  specimens  of  deficiency.  In 
one  (No.  5)  the  radial  origin  was  entirely  absent,  in  another  (No.  18) 
the  tendon  to  the  little  finger  was  wanting.  This  has  been  noticed  bjr 
Meckel,  Theile,  and  Henle.  In  No.  9,  a  muscular  slip  from  the  middle 
of  the  pronator  rain  teret  joined  the  radial  fibres  <^  the  sublimis.  This 
has  been  noticed  by  Otto.  In  four  subjects  (Nos.  6,  8,  21,  A  31)  the 
origin  of  the  flexor  sublimis  was  variondy  differentiated.  In  the  right 
arm  of  No.  6,  a  separate  muscle  arising  from  the  inner  border  of  the 
coronoid  process  gave  off  the  petforatuo  tendon  of  the  indes. 

A  separate  coronoid  or  middle  head  is  described  in  many  text-books 
as  a  normal  arrangement  for  the  JUmt  MubUmis  digitorvm. 
In  almost  eveij  subject,  however,  the  author  has  found  that  the  fibies 
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composing  the  superficial  or  condyloid  head  are  continued  tmintemip- 
tedly  along  tke  internal  latend  ligament  to  the  inner  margin  of  the 
ooTonoid  procesa^  which  thej  oecupy  along  nearly  its  whole  length,  and 
ace  frequently  connected  there  with  the  coronoid  tendon  of  the  prona- 
tor radii  teres.  This  part  usually  giyea  riae  to  the  indicial  tendon  of 
the  ttuade.  In  the  subject  above  mentioned  it  constituted  a  separate 
muscle.  In  addition  to  this,  the  moat  common  coronoid  attachment, 
bowever^  there  sometimes  exists  a  atrong  flat  tendon  ariaiag  from  the 
4mter  and  lower  border  of  the  coronoid  proceaa  and  joining,  not  the 
condyloid,  Init  th<>  rfullal  origin  of  the  muscle. 

In  the  sketches  of  the  muscular  anatomy  of  the  limbs  of  an  adult 
female  OraDg-«tan  dissected  by  the  anchor,  he  finds  that  in  this  animal 
this  flat  coronoid  tendon  gives  attachment  not  only  to  some  of  the  fibres 
of  the  radial  origin  of  the  sublimis,  but  also  to  the  flexor  carpi  radialis, 
which  arises  both  from  it  and  &om.  the  oblique  line  and  outer  border  of 
the  radius  by  a  common  aponeurosis  with  the  sublimis.  This  arrange- 
ment has  been  observed  by  Mr.  ^Macalister  in  the  human  arm  (op.  cU, 
p.  12).  In  the  Orang,  the  four  tendons  of  the  flexor  sublimis  are 
attached  to  separate  muscles,  the  areolar  intervals  between  which  ave 
very  readily  separable.  That  to  the  index  lies  deepest,  and  arises  from 
the  upper  coronoid  origin  and  lateral  ligament.  Those  to  the  second  and 
third  fingers  both  arise  from  the  oblique  line  and  border  of  the  radius, 
the  latter  being  superficial  and  attached  also  to  the  condyle  of  the  hume- 
rus, while  the  former  is  connected  chiefly  with  the  lower  coronoid  ten- 
sion, but  having  a  separate  slip  also  from  the  internal  lateral  ligament ; 
vrhilc  the  muscle  to  the  little  finger  arises  superficially  &om  the  condyle 
«of  the  humerus. 

in  one  of  the  above-tnentioned  varieties  of  the  flexor  sublimis  (No.  8) 
nnas  a  separate  fusiform  muscle  to  the  little  finger,  arising  from  a  tendi- 
nous intersection  springing  from  the  condyle  of  the  humerus.  lu 
another  (No.  21)  the  tendons  of  the  left  index  and  little  fingers  both 
were  connected  with  a  digastric  muscle  with  a  tendinous  intersection 
in  the  middle,  arising  from  the  condyle,  internal  lateral  ligament  and 
upper  coronoid  origin.  Tliis  has  been  observed  by  Macalistcr  in  a  fe- 
male subject,  with  many  other  irregularities.  Such  a  digastric  portion 
has  been  recorded  also  by  Meckel  (Muskellehre,  S.  53G),  The  same 
author  describes  a  similar  intersection  in  the  Loris  (Anat.  Comp.  6. 
p.  S-IO).  In  No.  31  all  the  tendons  were  provided  with  separate  mus- 
cles, the  first  arising  with  a  digastric  formation  from  the  condyle,  inter- 
nal lateral  ligament  and  coronoid  process ;  the  second  from  the  radius 
and  lower  coronoid  tendon  ;  the  third  from  the  condyle  and  internal 
lateral  ligament ;  and  the  fourth  from  the  condyle  only.  In  No.  10 
was  a  tendinous  slip  from  the  superfici^  surface  of  the  sublimis  to  the 
annular  lif^ament,  the  palraaris  longus  being  normal. 
.  11.  i^lestn'  MgUorum  prqfutiduB  v.  perforaus, — In  four  suhjects  (Nos. 
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3, 9,  26,  &  li  i)  some  of  the  iudicial  fibres  of  thia  muscle  arose  from  tbe 
inner  part  of  the  front  surface  of  the  radiuu.  lu  one  (No.  9)  these  were 
inserted  into  the  side  of  the  long  tendon  of  a  fusiform  muscle,  which 
(jirii^ing  with  the  coronoid  origin  of  the  flexor  sublania  in  connection 
with  a  similar  one  passing  to  the  flexor  longus  pollicis)  passed  uuder  tiic 
annular  ligament  and  divided  into  two,  one  join  the  tendon  of  the 
flexor  longua  pollicis,  and  the  other  (larger)  that  of  the  index  pcrfonina. 
Thiii  arrangement,  somewhat  dissimilar  to  those  formerly  described  bj 
authors,  is  yet  formed  on  the  same  plan  or  type  of  the  connection  be- 
tween the  flexors  of  the  thumb  and  index  and  the  flexor  sublimis.  It 
forni8  a  coalescence  of  the  "  Accc!!«soriua  ad  flexorem  poUicis  longum," 
with  the  "  Accessorius  ad  flexorem  digitonim  profundum  *'  of  GantEcr. 

In  No.  20  one  half  of  the  muscular  fibres  of  the  flexor  longus  ixylUca 
were  implanted  uj)on  the  tendon  of  the  index  prrforam.  In  the  left 
arm  of  No.  G  was  found  a  detached  miisoidar  slip  from  the  outer  par!  L-f 
t]\e  profiDulus,  ending  in  a  tendon  which  joined  that  of  the  snbitmm  j'cr- 
Jbratua  of  the  index  in  the  ])alm.  It  was  in  the  right  arm  of  the  same 
subject  that  the  detached  ^J^r^ra^«^f  inuir'rie  of  the  index  before  described 
was  found.  In  three  (Noa.  10,  28,  &  33)  were  found  detached  mu9- 
culo-teudinous  slips  of  the  profundus  in  the  fore  ai-in  of  a  like  type.  In 
No.  10  it  was  single,  and  gave  ])art  origin  to  the  fourth  lumhricalig. 
In  No.  28  it  was  lost  on  the  synovial  sheath  of  the  tendons  in  the  palm, 
and  in  No.  33  it  was  connected  both  with  this  and  with  tlir  lirst  hnjibri- 
calis.  This  has  been  noticed  by  Stem m erring,  Theile,  aiiJ  Ileiile.  lu 
six  subjects  were  found  a  coronoid ori^^in  ui  the  fl<?xor  2^rofundm,  arising 
in  common  with  the  fibres  of  the  //<?  rf>r  suhh'misas  a  fusiform  tapering 
muscle  ending  in  a  roinKU'd  tendun.  In  four  (Nos.  7,  9,  13,  &  20)  tiiis 
tendon  joined  iln-  perfumtiug  tendon  (d"  the  iiuUx  finger;  in  one  (No. 
25)  that  of  the  middle  fin»:;er  :  and  in  aiiuthtr  (No,  31)  those  ol  liie 
ring-  and  little  fingers.  This  muscle  is  mentioned  by  Meckel,  Seem- 
merring,  Theile,  Henle,  and  by  Cowper  and  Macwhinnie.  It  wa.*  named 
by  Gantzer  the  Musculus  aocessoriua  ad  flexorem  profundum  digito- 
rum.'*  In  No.  9,  as  before  described,  it  received  muscular  fibres  lUso 
from  the  radius. 

12.  JPlcror  poUicis  lonyus. — lu  twelve  subjects  this  muscle  also  de- 
rived a  separulc  fusiform  muaculo-tendinous  origin  from  the  eoronoid 
process  of  the  ulna.  This  has  been  noticed  by  Albinus,  Otto,  Stvmmer- 
ring,  and  Meckel,  and  was  called  by  Gantzerthe  *'  Accessorius  ad  flexo- 
rem pollicis  longum.**  It  is  usually  alluded  to  by  text-book  writers  as 
an  occasional  origin,  described  by  some  from  the  outer,  and  by  others 
from  the  inner  side  of  the  coronoid  process.  The  proport  ion  of  its  oc- 
currence in  thirty-six  subjects  is  one-third.  In  only  three  was  the  on<^a 
at  all  separate  from  the  coronoid  fibres  of  the  sublimis.  It  u^uallv 
assumes  the  form  of  a  tapering  muscle,  detaching  itself  from  the  indicial 
filKNtof  tlio  Muhlimitf  often  in  connection  with  the  similar  contribution 
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to  the  flexor  prqfimdiu,  and  ending  in  a  tendon  more  or  less  long,  which 
joins  that  of  the^m* polUeiM  hmgua.  In  three  instMicea  the  junction 
took  place  below  the  middle  of  the  arm.  In  a  former  paper  the  author 
described  a  remarkable  deFoIopment  and  amalgamation  of  these  acces- 
sory origins  of  thejteior  hngna  jpcHUeia  and  proftmdu»  digiiarum  in  a 
Negro,  resulting  in  a  complete  set  of  tendons  to  each  of  the  fingers 
placed  intermediate  to  those  of  the  oMimia  and  prf^fimAoM* 

In  the  Bog,  the  eoronoid  origins  constitute  the  chief  bulk  of  the  united 
flexors.  In  the  Cat,  Hedgehog,  Guineappig,  Babbit,  and  man  j  other  ani* 
mals  they  fiarm  a  great  part  of  them. 

In  No.  7  was  a  muscular,  andinNos.  8,20,  AS8  a  tendinous  connec- 
tion of  the  iamiom  of-the  WleMt  ton^  jpoUici$  and  Indese  porforans,  con- 
stituting a  more  decided  tendency  to  the  complete  union  of  these  muscles 
found  in  the  lower  animals  than  e?en  in  the  instances  above-mentioned 
of  the  radial  originof  the  flexor  profundus.  This  connection  exists  more  or 
less  complete^  in  all  the  Apee  and  Monkeys,reaching  its  most  peculiar  de- 
velopment by  the  entire  substitution  of  the  flexor  lonyu»  polUm  by  a 
separated  anid  entire  .^Csaw  indicia  in  the  Orang-utan.  It  is  evidently 
the  homologous  representative  of  the  tendon  of  connection  between  the 
flexor  hnpu  kaUueia  Bndfleror  Ami^ms  d^Oorum  in  the  foot. 

18.  LumhrieaUi.'^hi  two  subjects  (Nos.  HAS)  th^/omrth  lumbri- 
calis  on  the  right  side  was  inserted  into  the  extensor  aponeurosis  on 
the  ulnar  side  of  the  ring-finger  (which  was  thus  provided  vrith  two, 
acting  in  different  directions),  instead  of  the  little  finger,  which  was 
destitute.  In  Nos.  11  A  84,  in  the  right  hand,  and  in  No.  82  in  both 
hand%  the  IftM  lumbricalis  was  bifurcated,  one  being  inserted  into 
the  ulnar  side  of  the  middle  digit  (which  was  thus  provided  with 
one  on  each  side),  while  the  ot^er  was  inserted  into  the  usual  place.  In 
the  left  hand  of  No.  88  both  the  third  and  flmrth  lumbricalis  were  bi- 
furcated, the  middle  and  ring-fingers  both  having  a  lumbricalis  on  each 
side.  Iliese  sbnonnalities  have  been  described  by  Meckel,  TheOe,  and 
Froment.  According  to  the  last-named  author,  tiie  lumbrieales  are 
irregular  in  nearly  half  the  number  of  subjects,  the  third  being  the  most 
frequently  bifur«»ted,  and  nezt^  the  fourth.  In  hal(  the  author  haa 
found  the  inegularitiea  on  both  sides;  when  sin^  he  has  found  the 
right  and  left  to  be  in  about  equal  proportions  irregular. 

14.  Jflexar  aorpi  radidlii  hriffia  e.  pngfimdus, — ^In  only  two  suljects 
haa  the  author  found  this  year  the  musde  described  by  him  in  previous 
papen  under  this  name.  Both  were  impeifiMit  specimens,  arising  in  a 
penniform  way  from  the  radius  outside  the  flexor  longos  poIHds,  and 
inserted  by  a  rounded  tendon,  which  in  one  subject  (No.  82)  was  as  large 
as  that  of  the  flexor  poUicts  itself,  into  that  deep  portion  of  l^e  annular 
Ujimaani  which  is  attached  to  the  trapesoid  and  base  of  the  middle  me^ 
tacaipal  bone,  secluding  the  dieath  d  the  flexor  carpi  radislis  tendon. 
In  one  (Na  20)  the  jMikiam  lonffus  was  normal.   In  the  other  it  waa 
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represontcd  by  a  sinall  slip  from  the  superficial  surface  of  the  JIf\cor 
cmyi  radialis.  Mr.  Ma(alisttr  of  Dublin  has  cotumunieated  to  the 
author  the  descriptiou  of  a  complete  specimen  of  this  muscle  inserted 
into  the  base  of  the  middle  metacarpal  bone.  It  existed  in  the  right 
arm  only,  and  had  its  origin  from  the  radius  internal,  instead  of  eiter- 
nnl,  to  the  flexor  poUicis  longus.  He  has  also  met  with  an  instance  of 
an  incomplete  muscle  of  this  kind  inserted  into  the  deep  portion  of  tbe 
annular  ligament,  alao  on  the  right  arm.  \palmaris  longu^s  waa  present 
in  one  of  these  cases,  but  not  in  the  other. 

It  is  somewhat  reuuikuble  that  in  these  two  cases,  in  all  the  eight 
cases  observed  by  the  author,  this  muscle  has  been  found  in  the  right 
arm  onhf.  It  oiiera  the  beat  homologuo  m  the  arm  to  tbe  tibialis  posti- 
cus in  the  le^. 

15.  J^nhnari^  loiigus.  In  three  subjects  (Nos.  5,  24,  <fe  32)  the  normal 
palmaris  waa  absent  in  both  arms.  It  was  aldo  wautm^  in  the  nghi 
arm  of  No.  28,  and  in  the  left  of  No.  27.  In  three  (5,  '^7 ,  32)  there 
waa  a  feeble  slip  of  tendon  from  the  superficial  muscular  libres  of  the 

Jlexor  carpi  radial  is  to  the  superficial  surface  of  the  middle  portion  of  the 
pahnar  fascia,  which  seemed  lu  supply  its  place.  This  relation  between 
the  two  muscles  is  interestine:  in  connection  with  the  occurreLice  ot'a  ilexur 
carpi  radialis  brevia  in  one  of  tliese  subjects  (32).  In  the  left  arm  of 
one  subject  (No.  2s)  both  the  tendon  and  muscular  portions  of  the  pal- 
maris  were  doubled,  the  supernumerary  one  being  smaller  and  placed 
internal  and  posterior  to  the  other,  and  arising  with  the  condyloid 
portion  of  the  sublimis.  Its  tendon  waa  spread  out  and  lost  on  ilu- 
fascia  at  the  ^^Tist,  a  little  above  the  annular  ligament.  In  the  right  arm 
of  another  (No.  31)  the  tendon  of  an  otherwise  normal  palmaris  was 
doubled,  both  portions  being  inserted  into  the  annular  ligament  and 
palmar  fascia.  In  a  third  (No.  8,  the  subject  of  fig.  4)  the  belly  of  thia 
muscle  was  inverted  (A)  and  ])laced  just  above  the  wrist. 

16.  Extensores  carpi  radiales. — In  no  less  than  fifteen  subjects  these 
muscles  presented  the  intervening  muscle  and  tendon,  named  by  the 
author  the  extensor  caipi  radialis  intermedins.  In  six  this  muscle  arose 
fleshy  with  the  hngior,  and  was  inserted  bj  a  long  tendon  with,  but 
dietinct  from,  tbe  hrevior  into  tbe  base  of  the  third  metacarpal  bone. 
In  four  it  arose  with  the  belly  of  tbe  hrevior^  and  its  tendon  was  di- 
Btinetly  inserted  witb  that  of  tbe  lonyior  into  tbe  second  metacarpal.  In 
one  subject  it  was  arranged  in  the  first  way  on  tbe  left  arm,  and  in  the 
second  on  tbe  right ;  while  in  tbe  remjunmg  four  it  was  double,  e.  g. 
there  were  two  additional  muscular  beUies  intervening  between  the 
longior  and  brevier,  witb  long  tendons  crossing  in  cxchaiige  in  opposite 
directions.  In  one,  these  tendons  were  united  and  more  or  less  blended 
S8  tbey  crossed  eacli  otbar.  Sucb  ui  amngement  bas  been  recorded 
by  Haoalister  {op.  eii.  p.  13).  In  another  (No.  26)  the  lefl  arm  was 
provided  witb  a  single-bellied  kUormeifm  with  two  tendons,  one  going 
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to  thoC  of  ilio  longior,  and  the  other  to  the  inserHon  of  the  hrevior.  In 
another  (No.  14)  the  lonyior  was,  in  addition,  provided  with  two  tendons 
by  diviiion.  In  two  subjects  (Nos.  80  &  81)  the  tendon  of  the 
4xtenmir  earpi  rtt^oUt  hrevior  was  inserted  into  the  inner  comer  of  the. 
Iwae  of  the  focofu^  metacarpal  bone  as  well  as  into  the  third.  This  was 
the  case  also  in  two  of  those  which  were  provided  with  an  extensor 
iMierme^us  (Nos.  20  &  32).  It  is  interesting  as  showing  how  an  in- 
termediate tendon  and  mnsole  may  be  formed  by  simple  fission  of  the 
1>Te?ior. 

17.  l!»imt9or  earpi  ulnarU. — ^In  two  subjects  (Nos.  7  &  21)  this 
muscle  gave  off  a  slip  of  its  lower  tendon  to  the  extensor  aponeurosis 
of  the  little  finger.  In  one  (No.  11)  the  abductor  mmimi  dipt*  arose 
partly  from  the  tendon,  and  was  further  provided  with  two  other  di- 
stinct origins — one  fhnn  tiie  pisiform  bone,  and  the  other  from  the  upper 
border  of  the  posterior  annular  ligament,  evincing  a  tendency  to  the 
'high  origin  described  and  figured  in  the  antikor's  former  papers,  and 
preriously  recorded  by  G&itfaer,  Milde,  and  Sosmmerring. 

16.  Supinator  longu§,—ln  three  out  of  the  four  varieties  found  in 
this  musde,  the  tendon  of  insertion  was  double*  In  one  (No  8,  fig.  4,  i) 
the  lower  insertion  was  the  larger  and  normal  one  at  the  base  of  the 
radial  styloid  process,  while  the  upper  one  was  attached  to  the  outer 
border  of  the  radius  three  inches  above,  the  radisl  nerve  passing  between 
them  to  the  back  of  tlie  hand.  In  No.  84  the  aame  arrangement  was 
present  in  both  arms.  In  another  (No.  21)  the  radial  nerve  passed 
higher  than  both  tendons.  In  one  subject  (No.  28)  the  tendon  was 
divided  into  three  portionai  the  lowest  and  largest  being  inserted  into 
the  uaoal  place,  the  upper  one  near  the  middle  of  the  radius^  and  the 
intermediate  one  opposite  the  upper  border  of  the  pronator  quadratoa. 
The  radial  nerve  passed  between  the  two  lattor. 

19.  Eaetensor  eommwmi  d^Uorum, — ^In  two  subjects  (Noa.  8  A  28) 
the  tendons  of  this  muscle  on  the  back  of  the  hand  were  doubled ;  in 
the  first  for  each  digit,  and  in  the  last  for  the  middle  and  ring* 
fingers  only.  In  one  (No.  29)  the  tendon  of  the  index  only  was 
doubled,  one  being  connected  by  a  lateral  slip  with  that  of  the  middle 
finger,  as  the  latter  was  to  that  of  the  ring-finger,  and  tids,— with  that 
of  the  little  finger.  It  so  resulted  that  sll  the  tendons  were  thns  joined 
together,  except  one  of  the  two  tendons  of  the  index.  The  indicator 
was  normal,  but  the  extensor  minimi  digiti  gave  a  tendon  to  the  ring- 
finger.  By  means  of  these  special  tendons,  the  individual  play  of  each 
finger  was  kept  free.  In  one  subject  (No.  21)  there  was  found,  in  the 
left  hand,  a  single  fleshy  slip  of  the  mnsde  first  described  by  the  author 
as  the  Extensor  hrevit  digiionm  ffioa^,  arising  firom  the  dorsal  surface 
of  the  OS  magnum  and  unciforme,  and  passing  to  the  extensor  aponeurosis 
on  the  radial  side  of  the  middle  digit.  In  another  (No.  28)  there  were 
found,  in  both  hands^  two  slips  passing  from  the  same  bones  and  from 
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the  poetenor  carpal  ligammty  to  the  ulnar  side  of  the  middle  and  rim§* 
^it^^f,  joining  the  extensor  aponeurosis  by  separate,  alender,  flat  tendons. 

20.  Extensor  minimi  di^Ui. — In  nearly  h«df  the  number  of  subjects 
was  the  tendon  of  this  muscle  doubled  (fig.  5,  e).  In  one  (No.  3) 
there  were,  further,  two  distinct  mtucular  bellies.  In  two  mibjeeto 
(Nos.  29  &  34)  the  additional  tendon  traa  inserted  with  the  common 
extensor  tendon  into  the  ring-finger,  as  in  the  Orang,  Apea^  Monkeys, 
lUbbity  JSedgehog,  &c.  In  the  Cat  and  Dog  the  third  and  aeoond  digits 
also  are  supplied  by  it. 

21.  Extensor  indicU  and  Estuuor  medii  di^iti. — In  two  eubjecta 
(Xos.  8  &  27)  the  indicator  was  provided  with  a  double  tendon,  showing 
the  first  tendency  to  the  formation  of  a  special  extensor  of  the  middle 
finger,  auch  as  that  found  as  a  distinct  muscle  in  the  remarkable  ar- 
rangement seen  in  fig.  5  (a).  Both  theae  are  constant  mnaclee  in  the 
Apea  and  Monkeys. 

22.  Extensor  ossis  meiaemyi  pollicis. — An  increase  in  the  number  of 
tendons  of  this  muade  was  seen  in  16  subjects  out  of  36,  ». nearly  half. 
In  four  the  tendon  was  simply  doubled,  both  being  inserted  into  the 
base  of  the  first  metacarptdbone.  In  four  others  one  of  the  two  tendons 
was  inserted  into  the  trapezium.  In  one  (No.  25)  the  tendon  waa  tripic^ 
two  being  inserted  into  the  metacarpal,  and  one  into  the  traperanm. 
In  seven  instances  the  tendon  sent  ofi"  a  slip  which  gave  part  origin  to 
the  fibres  of  the  abductor  poIHcis  bretis,    Tliese  sometimes  formed  a 
separate  muscle.     In  four  of  these  there  w  ere  two  tendons  only,  one 
inserted  into  the  base  of  the  metacarpal  bone,  and  the  other  going  to  the 
abductor.    In  two  (Noa.  20  &  31)  there  were  three  tendons,  one  to 
the  metacarpal  bone,  another  to  the  trapezium,  and  the  third  to  the 
abductor  pollicis.    Such  an  arrangement  has  been  recortled  by  Maca- 
lister  (op.  cit.  p.  13).    In  one  (No.  11)  there  were  no  less  than  four 
tendons,  three  of  which  were  insert^^d  into  the  middle  of  the  shaft  and 
base  of  the  metacarpal  bone,  and  one  went  to  the  abductor.    In  the 
last  subject  the  extensor  primi  internodii  poUicis  was  entirely  absent-, 
incrcasinf^  the  similarity  in  the  arrajigemeut  of  lliese  muscles  to  that 
found  in  the  Chimpanzee  and  Orang.    In  two  other  subjects  (Xos.  6  A 
21)  ih«'  muscular  part  of  the  extcn.sor  primi  was  entirely  blended  with 
that  of  the  extensor  ossis  metacarpi,  though  the  tendon  was  separate 
and  its  insertion  distinct,  into  the  base  of  the  first  phalanx  of  the 
thumb. 

23.  Interoftsci  man^s. — Tliree  specimena  of  the  "  Falmar  inteross^rifjs  of 
the  thumb  ''  of  Henle  were  found.  In  two  subjects  (Noa.  4  &  20)  the 
first  interosseous  spaee  was  occupied  by  two  muscles,  one,  the  "Abductor 
indicia  "  of  Albinus  and  the  older  nnntomists,  and  the  other  the  In- 
teroseeus  prior  indicia"  of  that  author  (the  "Extensor  tertii  intemodii 
indicis  "  of  Uouf^laj^  (Myograph,  Comp.  p.  181). 

24.  Among  the  miscellaneous  specimens  in  the  upper  extremity  were 
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found,  in  a  female  subject  (No.  3),  tlie  muscle  described  by  the  author 
as  the  Extensor  pollici^  et  indicis  (fig.  5,  b).  Arising  by  a  distinct  pen- 
niform  belly  from  the  hinder  surface  of  the  ulna,  interosseous  ligament 
and  intermuscular  septa  between  the  extensor  secundi  iuternodii  pollicia 


Fig.  5. 


and  the  extensor  indicis,  it  ended  in  a  strong  rounded  tendon,  which, 
passing  under  those  of  the  extensor  communis,  parallel  with  and  out- 
side those  of  the  indicator  and  extensor  medii  digiti,  divided  in  the  groove 
of  the  annular  ligament  into  two  tendons.  The  outer  of  these  joined 
that  of  the  e.vfensor  secvndi  on  the  middle  of  the  firnt  phalanx  of  the 
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thumb,  to  be  inserted  with  it  into  the  extreme  phalanx,  and  the  inner, 
smaller,  was  inserted  Be|)arat oly  into  the  hate  of  the  firti  fikaHam*  of  the 
Mex,  outside  of,  and  distinct  firom,  the  tendons  of  tbecoiomoneKiaiKir 
and  indicator  proper.  The  author  has  found  the  same  arrmngement  in 
the  Vampire  Bat,  Dog,  Cat^  Hedgehog,  and  liabbit,  Meekel  found  it  in 
the  Boar,  Coati,  and  Beaver. 

In  its  insertion,  this  specimen  differs  from  thoae  formerly  described 
by  tlie  author  by  joining  the  tendon  of  the  exiemor  iwimdi  imiermodii 
poUicU.  In  the  others  it  joined  or  si^stitnted  that  of  the  cvtcntar  prim 
iniernodii  which  was  present  and  normal  in  the  subject  of  the  woodcut 
(fig.  5).  This  arm  presents  an  extraordinary  instance  of  mnltiplieation  of 
these  special  extensor  muscles  of  tlie  hand.  In  a  specimen  of  the  above 
muscle  described  by  Macalister  (p.  4),  the  indicial  tendon  joitu  <1  that 
of  the  indicator^  and  was  inserted  into  the  »eeomd  and  tJurd  phaiamgm 
of  the  vndex. 

In  one  aubject  (Xo.  II)  the  Extefuer  prind  iniemoJii  poUids  wis 
altogether  wanting  on  both  sides.  A  small  tendinous  looking  ligament 
w^as  attached  to  the  styloid  process  of  the  radius  and  passed  to  tlie  l»aae 
of  the  first  phalanx  of  the  thumb,  which  seemed  to  represent  tlie  lower 
part  of  its  tendon  on  both  sides.  It  indicated  an  arrest  of  development 
in  the  muscular  germ  above,  and  was  unattended  by  any  evidence  of 
diseased  action,  or  any  peculiarity  in  the  muscular  part  of  the  extensor 
ossis  metacarpi  polUcis,  usually  so  closely  connected  with  this  muscle. 
The  occasional  total  absence  of  this  Tnuselo  was  noticed  by  Soammerring 
and  MeckeL  In  one  subject  (No.  21)  the  extensor  primi  inUmodU 
polUcis  was  entirely  blended  at  its  muscular  portion  \\\t\\  the  extensor 
ossU  metacarpiy  its  tendon  becoming  free  at  the  styloid  process  of  the 
radius.  This  has  been  observed  by  Theile.  In  two  subjects  (Nos.  20 
&  34)  the  tendon  of  the  same  muscle  sent  a  large  portion  (in  the  last 
the  chief  portion)  of  its  fibres  to  join  that  of  the  extensor  secunii  at 
the  base  of  the  ungual  phalanx.  Soemmerring  has  observed  thia  peea- 
liarity.  Macalister  found  once  in  about  nine  subjects  an  opposite  ar- 
rangement to  this,  \'iz.,  the  tendon  of  the  extensor  secundi  giving  a  slip 
to  the  base  of  the  first  phalanx.  This  has  been  also  seen  by  the  author 
in  cases  of  absence  of  the  extensor  primi  intemodii. 

In  one  female  subjoci  (No.  17)  was  found  a  large  slip  of  the  spinal 
fibres  of  the  Infraspinatus  passing  superficially  to  the  rest  of  the 
muscle  and  to  the  teres  minor,  to  be  inserted  into,  the  lowest  part  of  the 
hinder  border  of  the  greater  tuberosity. 

In  a  male  subject  (No.  14)  was  found,  in  the  right  arm,  a  fine  speei> 
men  of  tlie  detached  portion  of  the  subscapularis,  which  has  been  de- 
scribed by  Professor  Haughton  under  the  name  of  Ltfraspinahu  ss- 
eundttf,  and  by  Macalister  under  that  of  Suhscapulo-humerdl  or  capsular. 
It  was  quite  detached  from  the  subscapularis,  arising  from  the  border 
of  the  scapular  as  a  fiat  muscular  band,  1  inch  wide,  crossed  the  long 
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heiid  of  the  triceps,  andbocntnc  inserted  into  the  neck  of  the  humerus  at 
the  same  plaoo  as  the  capsular  ligament,  overlapped  a  little  by  the  tendon 
of  the  latissimus  doni.  This  muscle  has  been  found  by  Haughton  in  the 
Macacus  nemestnnus  and  other  Quadrumana,  and  by  Maealister  in  the 
Hone,  Seal,  and  other  ^Mammalia.  In  No.  24  was  found  a  Transversus 
man49,  eojUseiy  separate  from  the  bulk  of  llic  fibres  of  the  abductor 
pollieis,  and  arining  chiefly  from  the  neck  of  the  third  metacarpal  bone 
and  tranarerse  ligament. 

The  remaining  ten  columns  in  the  Table  are  occupied  by  abnorma- 
lities of  the  loicer  extremity y  affecting  23  muscles,  and  com^sing  106 
instances,  viz.  74  in  the  22  males,  and  82  in  the  12  females. 

25.  Peroneus  tcrtius. — This  muscle  presented  varieties  in  no  less 
tiian  14  subjects.  In  no  less  than  five  it  was  absent ;  in  three,  on  both 
aides,  viz.  two  males  (Nos.  24  &  28)  and  one  female  (No.  16).  In  two 
other  females  (Nos.  10  &  24)  it  was  totally  absent  on  one  side  only, 
in  one  in  the  right,  and  in  the  other  in  the  left  leg,  the  representative 
in  the  other  leg  being  in  each  case  so  small  as  to  be  of  little  account. 
In  one,  indeed,  it  was  a  mere  slender  band  of  fibrous  tissue  attached  to 
the  lower  fibres  of  the  estentor  communU  diytforum.  It  may  be  said, 
then,  that  in  one-fourth  of  the  12  female  subjects  it  was  wanting,  and 
in  two  only  out  of  the  22  males.  In  two  males  (Nos.  20  &  27)  its  tendon 
was  doubled.  In  two  other  males  (Nos.  30  &  32)  its  tendon  was  in* 
serted  into  the  base  of  the  fourth  as  well  aa  the  fifth  metatarsal  bono. 
In  four  (Nos.  3,  8,  11,  &  29)  it  sent  forward  a  slip  to  join  the  extensor 
j^nenrosis  of  tlx  little  toe,  in  the  way  ihc  jyeraiieus  quint i  from  tbo 
hrems*  In  all  these  four,  except  on  tlie  right  leg  of  No.  6,  the  true  pe- 
roneui  quinti  from  the  brevis  was  coexistent.  I'  th  these  varieties  have 
been  well  known  to  anatomists  since  Meckel.  In  ono  (No.  7)  the  slip 
was  lost  on  the  fiiscia  covering  the  lost  dorsal  interosseus,  and  did  not 
reach  tlie  toe. 

26.  ^eranwi  qumii, — In  12  subjects  (or  one-third  of  the  whole)  was 
found  a  representative  tendon  of  this  animal  muscle  more  or  h  ss  com- 
plete, connected  with  the  tendon  of  the  peroneut  Irevis,  and  leaving  it 
just  below  the  malleolus.  In  thrco  (Nos.  2, 16,  &  26)  the  slip  was  at- 
tached to  the  front  end  of  the  fifth  metatartal  bone,  and  more  or  less 
blended  with  the  dorsal  interosseous  fascia — an  arrangement  which  was 
noticed  by  Meckel  in  some  subjects  unprovided  with  aperoneus  tertius. 
In  all  the  nine  other  instances  the  tendon  was  more  fully  developed, 
and  joined  in  forming  the  estentor  aponeurotie  of  the  littie  toe.  In  one 
subject  only  (Ho.  17)  was  it  confined  to  one  side.  Tliree  were  found 
in  the  12  female  subjects,  and  nine  in  the  22  males,  showing  a  larger 
proportion  in  the  latter. 

27.  JSv/Mfor  jprimi  intemodii  haUucie  7anyu«.— In  no  less  than  10 
subjects,  or  more  than  one  half,  was  found,  in  both  legs,  a  long  tendon 
attached  to  the  inner  part  of  the  base  of  the  first  i^halanx  of  the  great 
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toe  difiiiiet  trom  th«l  of  tbeeurfojuor  hretUSigU&nm,  In  three  mib|eeti 
(Noe.  9, 17,  A  81)  thb  tendon  was  provided  witli  k  well-dereloped  and 
distinct  pemuform  mnflcular  belly,  arising  from  the  fibula  and  inter- 
oBseoua  ligament^  and  separated  b j  an  areolar  interval  Irnn  that  of  the 
eatemor  lom^  or  proprw9  Mltteig,  ^  la  a  male  subject  (No.  9)  this 
muscle  lay  first  outside  the  extensor  proprius,  and  was  provided  with 
two  tendons^  the  outer  one  joining  the  great-toe  tendon  of  the  esienw 
hre^kf  and  the  inner,  crossing  under  that  of  the  extensor  propriua,  was 
inserted  into  the  usual  place  on  the  inner  border  of  the  base  of  the 
finifMams,  In  a  female  (No.  17)  the  musele  kj  to  the  inner  side  <^ 
the  extensor  proprius,  its  tendon  subdividing  in  the  same  w«^,  and  %ova% 
to  the  same  destinations  as  the  last  specimen,  but  the  eatsr  one  cross- 
ing in  this  ease  under  the  extensor  piopriuai  In  another  female 
(No.  81)  the  right  leg  was  provided  with  a  distinct  musde  of  this  kiiMi, 
with  a  single  tendon  joining  that  of  the  extensor  brevis.  In  the  1^ 
leg  it  was  represented  onl j  by  a  slip  of  tendon  given  from  that  of  the 
extentor  propriut  at  the  ankle,  and  lying  inside  it  along  the  foot  to  the 
first  phalanx,  where  it  was  inserted  in  the  usnsl  way.  In  the  1\  other 
subj(H'tK,  the  latter  was  the  arrangement  in  both  leg^,  the  museolar 
fibres,  together  with  the  upper  part  of  the  tendon,  being  united  more 
or  less  with  those  of  the  eHmuor  propi-iw.  HecM  remarks  that  the 
above  abnormality  is  homologous  to  the  exfentor  frimi  wUmoiii  paU 
licU  in  the  hand.  It  is  also  mentioned  by  Smmmerring,  Theile,  and 
Henle. 

In  a  male  subject  (Xo.  23)  this  tendon  to  the  base  of  tiie  first 
phalanx  of  the  hallux  was  given  off  from  the  outer  side  of  that  of 
the  Hbialit  antient.  This  anomnly  had  been  previously  found  by  the 
anther  in  two  subjects  (also  males),  which  were  described  and  Agiired  in 
his  first  paper  on  the  subject.  He  is  not  aware  that  it  has  been  ob- 
served by  any  other  anatomist.  It  is  not  to  be  confounded  with  the 
common  insertion  of  a  slip  of  the  tibialis  tendon  into  the  base  of  the 
first  meitUartal  bone.  During  the  IsHt  Session  a  fine  example  of  this 
formation  was  seen  in  a  still-bom  male  foetus,  which  was  not  found  to 
present  any  other  muscular  variety.  In  another  adult  male  (No.  88) 
it  was  found  in  the  riglit  leg,  with  the  addition  of  a  second  slip  of 
tendon  from  the  extensor  proprius ;  while  in  the  lefl&  leg,  two  slips  came 
from  that  of  the  latter  muscle,  the  outer  joining  the  tendon  of  the  «r> 
ien»or  IrevU  diyitorum,  and  the  inner  inserted  separately  into  the  base 
of  the  first  phalanx  of  the  hallux,  as  before  seen  in  i\ws»  (Noa.  0  A 
17)  with  complete  muscular  bellies.  The  forward  proiong^tion  from 
the  tendon  of  the  totalis  onUeitB  to  the  hallux  present*  a  ciirions  pac 
rallel  on  the  inside  to  that  of  the  ^^tiiji^i  from  the  penmem  irseif  on 
the  ontsido  of  the  foot.  A  blending  of  the  tibialis  antiens  witli  the 
hmg  extensor  of  the  great  toe  is  said  by  Meckel  to  be  found  in  the  Por- 
eupine.   Six  out  of  the  nineteen  subjects  possessing  a  sepiurate  tendon 
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to  the  base  of  the  hallux  were  femalds  (one  half  of  the  whole  number 
of  Bubjeete  of  Ibis  sex).  These  comprieed  two  out  of  the  three  com- 
plete specimens. 

28.  Mcimsor  Ungu4  digilorum  pedig. — In  one  subject  (No.  6)  the  in- 
nermost tendon  of  this  muscle  detached  a  separate  slip  to  be  inserted 
into  the  hue  of  the  firH phalanx  of  the  second  toe,  producing  an  exact 
analog)'  to  the  arrangement  in  the  great  toe  last  described,  and  which 
also  ooexitted  in  the  same  subject.  It  is  mentioned  by  Meckel  as  ho- 
mologous to  the  indicator  in  man,  and  as  also  found  in  the  Pig  and  Por> 
eupine  (Anat.  Comp.  vi.  pp.  429  &  432).  In  another  (No.  9)  a  connect- 
ing slip  from  the  innermost  tendon  of  tlie  long  common  extensor  joined 
at  tli('  hnso  of  the  metatarsals  with  that  of  the  e.vfensor  proprius  haUaeis, 
A  similar  nrrangomont  is  said  by  Meckel  to  be  fonnd  in  the  Kangaroo 
and  in  the  Buminants.  In  one  (No.  11)  the  tendons  of  the  second,  third, 
and  fourth  toes  arose  by  a  separate  muscular  belly  from  the  outer  tube* 
rcmity  of  the  tibia  and  head  fibula ;  that  to  the  fifth  toe  coming  from  the 
fi res  of  the  peronetis  tertim.  This  is  found,  according  to  Meckel,  in  the 
Hysena^  Bear,  and  other  Camivora,  and  also  in  the  Kangaroo  and  some 
Bodents.  In  one  subject  (No.  19)  two  small  slips  of  tendon,  from  those 
of  the  two  outermost  toes,  were  inserted  into  the  shsjfts  of  the  fourth  and 
fifth  metatmah  respectively.  This  is  similar  to  the  arrangement  fbwid 
in  the  Sloths  and  Beptiles.  In  No.  28  there  was  a  redupUeatlon  of  the 
extensor  tendon  of  the  little  toe.  In  No.  26  the  outermost  tendon  of  the 
exiemar  hngut  was  connected  with  that  of  the  esientar  ^rwii  bj  * 
long  slip  arising  from  the  former  above  the  annular  ligament,  and  Join- 
ing the  latter  on  the  dorsum  of  the  foot.  In  two  (Nos.  82  A  88)  the 
tendons  of  the  long  extensor  were  each  provided  with  a  separate  mus- 
cular belly.  In  the  former  there  was  also  a  double  tendon  to  tfaa 
second  toe. 

29.  Extensor  hrms  ^gitanm  pedi9*^Jn  one  subjeet  (No.  9)  a  tendi- 
notts  slip  from  the  9eeand  tendon  of  this  muscle  joined  that  of  the^^irvi 
dorsal  interoeseus ;  and  another  from  the  third  tendon,  that  of  tlie 
teeoitd  dorsal  interosseus.  In  No.  11  this  connection  existed  with  the 
Jtrwt  dorsal  interosseus  only.  This  evidence  of  connection  between 
these  muscles  is  interesting  in  relation  to  the  occasional  formation  of  aa 
extensor  hrevio  digitorum  in  the  hand,  which  the  author  has  in  former 
papers  explained  by  posterior  displacement  and  separation  of  the  super- 
ficial fibres  of  the  dorsal  interossei.  In  two  (Nos.  23  &  28)  the 
tendons  to  the  second  toe  were  doubled. 

80.  JUxor  hngus  digitorum  and  JEUxor  aecusorius. — In  one  snV 
ject  (a  female)  the  first  tendon  of  the  former  muscle  was  mtirefy 
wanting,  its  place  being  supplied  to  the  second  toe  by  one  from  tlie 
flexor  haUuois,  approaching  the  formation  in  some  of  the  Apes.  In 
Ko.  14  was  found  a  fully  developed  specimen  of  the.^Ss«or  lonffus  aa- 
eessorins,  arising  from  tlio  lower  third  of  tilie  hinder  mxhusa  of  the 
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fibula  and  the  adjacent  aponeuroBis^  as  a  diatinet  tmucle  ending  in  a 
Btout  tendon,  which  passed  under  the  annular  ligament  outaide  the 
vessele^  and  vas  joined  by  the  muscuhur  fihres  of  the  **  maaaa  cunea 
Sykii,**  and  by  the  tendons  of  the  perferans  in  the  middle  ivf  eolr. 
The  fibres  of  its  tendon  passed  exclusively  to  tiie  three  outer  toea.  In 
No.  15  the  *'ma8sa  camea**  was  replaced  by  a  thick  tendon  attached 
to  the  inner  border  of  the  tuber  ealcis.  At  its  junction  with  tiie  outer 
tendon  of  origin,  a  small  flat  muscular  belly  was  developed  upon  it.  In 
the  right  foot  of  No.  24,  a  tendon  from  the  outer  head  of  an  otherwise 
normal  aoeessorius  was  joined  to  the  superficial  or  perforated  tendon  of 
the  middle  toe,  forming  decussating  fibres  with  others  from  the  opposite 
side  of  the  latter  in  the  usual  way.  Three  out  of  the  four  abnormali- 
ties in  these  muscles  were  found  in  female  subjects.  The  complete ^Ssser 
aoee$9anut  longm  was  seen,  however,  in  a  male  subject^  as  in  the  three 
instaces  described  last  year. 

91.  lMmhrietde$  pedii. — All  the  abnormalities  in  these  moadee  re- 
sulted from  deficiency.  In  two  the  fourik  was  absent,  one  on  the 
right  side  and  one  on  the  left.  In  one  the  Meeond  was  wanted  on  both 
sides.  All  were  male  subjects. 

82.  Meaeor  hrwU  digUorum* — All  the  varieties  of  this  muscle  were 
also  from  deficiency.  In  all  the  seven  subjects  affected,  the  tendon  to 
the  little  toe  was  absent,  and,  in  six  out  of  seven,  on  both  sides.  In 
one  (No.  8)  its  place  was  supplied  by  a  small  fusifbfm  slip  of  muade, 
arising  from  the  outermost  tendon  of  t\i»  flexor  lonyus  peiforanf^  In 
another  (No.  4)  the  supplementary  muscle  arose  by  two  slender  fusi- 
form bellies,  one  from  the  long  fiezor  tendon,  and  the  other  from  the 
inner  tuberde  of  the  cslcis,  deeper  than  the  fibres  of  the  flexor  brevis  di- 
gitorum.  This,  which  the  author  looks  upon  as  a  transitional  form  to 
the  arrangement  found  in  No.  8,  and  in  the  Apes  and  Monkeys,  was 
predsely  like  that  given  in  the  author's  paper  of  1865.  In  the  rest  of 
the  subjects  no  substitute  to  the  missing  tendon  was  found,  though  pos- 
sibly a  feeble  development  may  have  escaped  observation  in  some  of 
them.  Meckel  has  remarked  on  the  frecjucnt  deficiency  of  this  tendon 
in  the  human  fiiot,  and  also  that  it  is  not  always  supplemented  by  the 
fiezor  perfonms,  comparing  it  to  the  usual  deficiency  of  the  flexor 
brevis  in  the  Monkeys,  and  its  total  disappearance  in  other  Mammalia. 

88.  JAducior  ant§  meiaiarti  fumti. — ^No  less  than  17  specimens  of 
this  musde,  arising  separately  firom  the  outer  tubercle  of  the  calca- 
neum,  and  inserted  into  the  tubercular  base  of  the  fifth  metatarsal 
bone,  were  found  in  the  86  subjects  (very  nearly  one  half).  In  three 
subjects  it  was  found  on  the  right  foot  only,  and  in  two^  on  the  left 
only.  In  the  other  12  it  existed  on  botii  sides.  Ten  of  the  ape* 
cimens  were  found  in  the  24  males,  and  seven  in  the  12  females,  giving 
a  preponderance  of  frequency  in  the  latter  sex.  This  preponderance  in 
the  female  sex  is  stilt  more  striking,  if  the  cases  given  in  the  author^s 
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last  paper  arc  included  in  the  estimate;  8  having  been  found  in  the 
16  females  (or  one  half),  while  only  16  were  found  in  the  54  males 
(not  one-third).  If  this  be  eHtabliehed  by  future  observation,  as  well 
as  the  more  frequent  deficiency  of  the  peronem  tertiut  in  the  same 
sex  before  alluded  to,  its  bearing  upon  the  relative  structural  inferiority 
of  the  Bex  will  be  cuHoub,  nince  both  are  animal  peculiarities. 

Mr.  Macalister  states  that  he  has  found  the  abductor  of  the  fifth  meta- 
tarsal  bone  existing  as  a  distinct  muscle  in  nine  out  of  every  twelve  sub- 
jects, lo  No.  5  of  the  Table  the  miucle  was  peculiar  in  arising  from  the 
inner  tubercle  of  the  calcaneum  by  a  large,  distinct,  and  triangular  fleshy 
belly,  and  in  being  inserted  by  a  long  tendon  into  the  neck  or  anterior 
part  of  the  shaft,  instead  of  the  tubercle  of  the  fifth  metatarsal  bone. 

34.  Out  of  IS  sundry  specimens  of  abnormalities  in  the  lower  extre* 
niity,  two  were  peculiarities  of  the  tendon  of  the  Mcvor  longut  hallueit. 
In  one,  a  female  (No.  the  usual  slip  of  union  %vith  the  flexor  lougus 
digitorum  was  wanting.  In  another  female  (No.  6)  i^fle«or  longu»  Aa^ 
lueit  first  received  a  long  slip  from  the  flexor  eommunisj  and  then  gave 
two  separate  tendons  to  the  second  and  third  toes.  That  to  the  second 
constituted  the  only  perforating  tendon,  the  one  from  the  common 
fiex(^r  )r(  ing  wanting^,  while  that  to  the  third  toe  joined  at  the  base  of 
the  digit  with  n  snialler  one  from  the  common  flexor.  In  two  male 
subjects  (Xos.  5  &  21)  the  JPlaniaris  nuisclc  and  tendon  were  both  ap- 
parently blended  with  the  outer  head  of  the  gastrocnemius.  In  No.  80 
the  Superior  gemellus  was  wanting.  In  the  right  foot  of  No.  8,  a  male 
subject  remarkable  for  the  number  of  its  abnormalities,  a  considerable 
portion  of  the  outer  fibres  of  the  Flexor  breoia  hallucis  were  detached 
from  the  rest,  and  inserted  into  the  inner  tubercle  on  the  base  of  the 
first  phahmx  of  the  second  toe.  In  the  left  foot  of  the  same  subject  a 
still  larger  slip  from  the  fibres  of  the  Adductor  hallucis  was  detached  to 
the  same  destination.  This  was  also  found  as  a  less  developed  ape- 
cimen  in  the  letlt  foot  of  No.  13,  also  a  male.  Two  specimens  of  these 
abnormalities,  also  in  male  subjects  (one  of  each  kind),  were  described 
by  the  author  in  his  paper  of  last  year.  They  do  not  seem  to  have  been 
before  recorded  by  any  anatomist,  though  apparently  recurring  in  the 
proportion  of  about  once  in  18  or  20  subjects. 

A  male  subject  (No.  9)  was  remarkable  for  the  presence  of  the  muscle 
described  by  Otto  as  the  Peroneus  quatiua  (Neueseltene  Beobacht.  S.40), 
arising  from  the  lower  fourth  of  the  outer  surface  of  the  fibula  below 
the  peroneus  brevis,  and  inserted  by  a  distinct  tendon  into  the  outer 
side  of  the  calcaneum,  upon  the  tubercle  between  the  peroneal  grooves. 
Theile  mentions  that  this  muscle  sometimes  replaces  theperoneuo  hrevit 
itself.  In  the  case  just  described,  both  the  peroneus  longns  and  brevis 
■were  eoexistent.  A  variety  of  the  same  character,  but  inserted  into  the 
outer  bcMrder  of  the  cuboi<l,  th  recorded  by  Macalister  (op.  clt.)  in  a  subject 
having  uo  peroneus  tertius.  One  of  the  peronei  muscles  is,  according  to 
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Meckel,  inierted  into  the  cuboid  in  the  Kangsroo.  In  a  male  subject 
(No.  14),  the  ri^ht  Pcr&neus  longu*  had  a  double  tendon,  one  inserted 
hito  the  internal  cuneiform,  and  the  other  into  the  base  of  the  first  me- 
tatarsaL  In  a  female  (No.  15)  the  tendon  of  this  muscle  gave  origin 
ill  the  sole  to  the  flexor  and  opponens  minimi  digiti^  as  well  aa  to  tiie 
third  plantar  inferossetis,  as  in  the  variety  figured  in  the  aathor*8  paper 
of  1865.  in  another  female  (No.  16)  the  Peroneus  brevis  waa,  in  both 
legs,  provided  with  a  double  tendon,  both  inserted  into  the  usual  place. 
The  peroneus  tertius  in  the  game  subject  wn?  totally  absent.  In  the  left 
leg  of  a  male  (No.  20)  a  slip  of  tendon  was  detached  from  the  outer 
border  of  the  Tibialis  aiiticus  muscle  to  be  implanted  into  the  inner 
border  of  thcan/^friW  annular  ligament  and  dorsal  fascia.  In  both  legs 
of  another  male  (No.  29)  a  more  decided  development  in  this  direction 
had  resulted  iu  a  dintinct.  flat,  spreading  muscle,  3  inches  loii^.  arising 
from  tlie  outer  Burfa<'e  of  the  tibia  below  and  distinct  from  the  fibres 
of  the  tibialis,  and  endiiii,'  u\  a  round  tendon  which  was  inserted  into 
the  annular  liLjainont  and  dorsal  tar?cia  below  the  malleolus.  Such  a 
nuisck'  Ava^  descrihed  by  the  author  in  hU  paper  of  186 1  under  the 
iiainc  of  the  Tensor  Jasciw  dorsal  is  pedis^  occurring  on  both  sidei*  iu  a 
feuialo  sultject. 

In  two  subjects  (Nos.  Si  'M)  a  considerable  portion  of  tlic  inner 
fibres  of  the  Pt-ctincus  wore  found  to  j)ass  across  the  front  of  the  deep 
femoral  artery  to  become  inserted  with  the  uppir  fibres  of  the  Addudor 
Jontfm,  an  irregularity  whieh  does  not  seem  to  have  been  hitherto 
noted.  A  similar  extension  of  the  origin  of  the  adduetor  longus  is  seen 
in  the  IMarniot  among  the  R^ideuts,  in  the  Ratel  of  tlio  Carnivora,  and 
in  the  Magot  and  Chimpanzee  among  the  (^uadruiuana. 

No.  21  was  found  to  ])ossess  a  remarkable  development  in  both  feet 
of  an  Opponens  or  flexor  ossis  metacarpi  minimi  dir/i/i. 

In  the  ri<;ht  leg  of  a  muscular  female  subject  (No.  25),  the  Biceps 
flsjcor  cruris  was  ]irovided  with  a  third  head.  This  consisted  of  an 
elongated,  rounded,  and  fiisifoiia  luu.scle  (fig.  6,  a),  S  im  hes  lonj?  and 
three-quarters  of  an  ineh  wide,  eonneeted  abo\  e  by  a  rounded  tendon, 
2  inches  hmg,  wth  the  strong  fa^eia  whieh  covered  the  deep  surface  of 
gluteus  ma.cimus  (hh,  cwi  and  turned  aside  in  the  figure),  Briuw,  it 
was  united  by  a  tendon,  1  ineh  long,  with  the  isciiial  or  long  head  (c), 
just  above  itn  junetion  with  the  femoral  licud  {d)  at  the  lo^ve^  third  of 
the  thigh.  An  additional  head  to  tiiis  nius^ele,  though  not  at  all  com- 
mon, yet  has  been  reeorded  by  various  v.ritera,  viz.  by  Meekel,  Ironi 
the  upper  part  of  the  "  linoa  anpera:"  by  Oruber,  from  the  internal 
condyloid  ridge  of  the  femur:  by  Jlenle,  from  the  faseia  lata  near  the 
upper  end  of  the  linea  aspera  ;  uud  by  {SoDnimcrring  and  daut/er,  aris- 
ing from  the  tuber  is^chii.  Of  these,  the  three  former  joined  the  fenio- 
ral  or  short  head,  while  in  the  instances  given  by  the  two  last-named 
authors,  the  abnormal  head  joined  the  it^eliiul  or  long  head.  Ail  ha'^'iuga 
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closely  or  ideutically  similar  origin  to  tlio>a  hcad«  of  the  muscle  with 
which  they  afterwards  respectively  united,  may  bo  considered  jis  (  \t(  n- 
sions  and  separations  of  a  portion  of  the  fibren  of  those  heads  of  origin. 
Mr.  Macaliater  mentions  that  in  a  mule  subjiM-t  lie  found  in  botii  legrf  a 
coiiliLiiiatiou  of  the  tendinous  ischial  (irigin.s  of  thia  muscle  over  the 
surface  of  the  great  pacro-eciatic  li<rament  to  the  side  of  the  t«acruni,  but  it 
does  not  appear  that  this  constituted  any  approach  to  a  distinct  head. 
33nt  in  the  sp(H'imon  under  consideration,  the  ahnormalily  i-s  eousliiuU'd 
by  a  distinct  muscidar  bundle,  with  an  ui)per  and  a  lower  tendon,  the 
fib  rc3  ot  the  former  capable  of  being  traced  in  those  of  the  deep  gluteal 
fascia  for  a  eojisiderable  dintanee.  In  the  Doc^  the  author  has  found  the 
ahnost  exact  counterpart  of  this  third  head  of  the  biceps  flexor  cvvris. 
Tt  is  a  d»'(  ply  placed  slender  l)and  of  inuaeular  fibres,  arising  from  tlio 
BUilaee  oi  iho  great  nacro-seiatic  ligament.  It  lies  iindor  the  ir^ehial 
origin,  and  becomes  inserted  into  the  fascia  on  the  outside  of  the  leg 
below  the  main  bulk  of  the  wide  ly-spread  biceps  ])roper.  It  is  there  con- 
nected also  with  a  fibroua  sheath  which  invests  the  tendou  of  the ^7a»- 
iaris.  In  this  animal  this  musclar  slip  seems  to  represent  the  caudal 
and  sacral  origin  of  tlie  biceps  in  the  llodents,  and  other  Mammalia. 
The  homology  between  the  abnorm  al  third  heads  in  the  huimiu  subject 
and  the  caudal  origin  in  animals  wa^  ]  ninttd  out  by  Tlieile. 

In  a  muscular  male  subject  was  fouinl  an  abnormality,  in  many 
points  resembling  that  described  by  Ganizer  as  the  Aecessorius  ad 
ealcmteum.^^  It  was,  however,  very  dift'erent  in  its  origin  to  thoso 
described  by  that  autlior,  although  identical  in  its  form  and  insertion 
(fis^.  7,  a).  A  long  slendi'r  tendon,  very  much  resembling  that  of  tho 
plantarU  in  itB  texture  and  appearance,  was  placed  along  the  inner  sido 
of  it,  so  na  to  present  the  appearance  of  a  double  plantaris.  This  ten- 
don was  attached  above  to  the  uj)j)er  third  of  the  hinder  surface  of  tho 
fibula,  bchjw  tl)e  origin  of  thr  solein  (/y),  and  erossid  oldiciuely  the  pos- 
terior tibial  ve  ssels,  nnisclrs,  an«i  a]  oneurosis,  towartU  the  inner  mal- 
leolus. At  the  lower  third  of  the  leg,  a  Hat,  ovoid,  tapering,  muscular 
belly,  Z  inches  Iwng  and  1  inch  wide,  v>as  di  vi  loped  upon  jt,  and 
became  implanted  l'\  a  short-i^preadiug  tendou  up-on  the  calcaneum,  in 
front  and  tt>  the  inner  side  of  the  tendo-achiiiiB,  about  three-quarters 
of  an  inch  distant  from  it.  iVom  the  htwer  part  of  its  outer  border  the 
muscle  sent  oil"  a  tendinous  nlip,  which  joint  d  the  plantaris  tendon  in 
a  mass  of  iihro-j'atty  tissue  placed  above  the  bursa  of  the  tcndo-aehillis, 
llyrtl  has  meiitiojii-d  the  occassional  occurrence  of  a  nuiscle  some- 
what resemlding  this,  as  arising  from  the  popliteal(r)  fascia,  or  luircr 
part  of  the  iibula,  aiul  inserted  into  the  calcis.  This  llenle  seeiud  to 
consider  as  an  abnormal  plantaris.  In  the  case  just  described,  how  e\ er, 
the  ni/.e,  shape,  and  ])osition  ot"  the  muscular  l)elly,  and  the  insertion  oi 
tiie  lower  tendf>n  so  much  resemlO  '  the  musrie  described  by  Gaiitzer, 
aud  albo  that  tigured  by  the  author  i|i  bis  paper  of  1864,  that  he  liaa  no 
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hesitation  in  referring  it  to  the  etmie  class,  with  a  8ome\\  )iat  higber 
origin,  obtained  bj  differentiation  of  the  more  vertical  fibres  of  the 
posterior  tibial  aponeuroaia*  It  constitutes  probably,  however,  a  link 
with  the  pktniaris,  aimilar  to  that  which  the  musde  of  the  arm,  which 
he  haa  called  the  Jlexor  carpi  radialU  hrevU,  in  some  specimeoa  forma 
with  the  palmaru  latu^us.  From  this  point  of  view,  this  abnormal 
muaelo  in  the  leg  has  a  similar  relation  to  the  Mhmik  patiieug  that 
the  incomplete  muscle  in  the  arm  has  to  a  complete  Jtex^r  ef  ^  middle 
metaearptd  hone,  its  homologue ;  and  it  occupies  a  like  intermediate 
relation  to  the  eoleui  as  the  ono  in  the  arm  does  to  the  fiexor  eublimie. 
We  shall  find  herein  the  most  probable  solution  of  some  of  the  diffi- 
culties of  the  homologies  of  these  post- tibial  muscles. 

In  addition  to  the  foregoing  subjects,  the  author  has  had  the  advan- 
tage of  deacriptions  and  sketches  of  muscular  abnormalities  affecting 
three  subjects  out  of  eight,  from  hia  £riend  and  ibrmer  aaaistant  l^Ir. 
Bellamy,  demonstrator  in  anatomy  at  Charing  Croaa  Hoapital.  In 
one  muscular  male  were  found  four  abnormalities,  via.  in  the  right 
arm,  a  double  palmarie  hngue.  The  irregular  one  was  placed  internal 
to  the  other,  with  its  muscular  fibres  oommeneuig  just  above  the  mid- 
dle of  the  arm,  and  continued  down  to  the  annular  ligament,  into  which 
and  the  palmar  fascia  it  was  inserted.  In  the  same  arm  was  found  a 
well-developed  eseteneor  carpi  radiaUe  iaiermedim,  arising  distinctly 
between  the  longior  and  brevior  bj  a  fiisifonn  belly,  and  inserted  by  a 
long  tendon  into  l^poeterior  annvHar  ligament^  dose  to  the  sheath  for 
the  outer  extensors  A  the  thumb.  This  the  author  looks  upon  as  a 
formation  intermediate  to  complete  development  of  an  exieaeot  carpi 
radialie  aeeetforiue.  A  little  further  extmion  fiirwards  and  outwards 
would  have  brought  the  insertion  of  this  muscle  into  relation  with  the 
origin  of  the  abdnotor  pollicis  brevis  and  the  base  of  the  first  meta- 
carpal. 

On  the  left  arm  of  the  same  subject  was  a  development  in  the  same 
direction  in  the  lower  part  of  the  arm.  A  separate  muscle  was  formed 
of  those  upper  fibres  of  t^e  extemor  auie  metaearpi  poUicie,  which  so 
frequently  give  off  a  slip  of  tendon  to  the  origin  of  the  abductor 
pollicis.  The  mnsele  arose  from  tiie  radius  and  interosseous  ligament, 
quite  dktinctljfiom  the  extensor  ossis  metaearpi,  and  was  provided  \^'ith  a 
separate  tmdon,  which,  passing  in  the  same  shcii^  with  that  of  the  latter, 
subdivided  into  two  tendons,  one  to  be  inserted  into  the  base  of  the 
first  metacarpal,  and  the  other  to  join  the  outer  fibres  of  origin  of  the 
abductor  pollicis  brevis. 

If  both  the  tendendes  evinced  in  this  interesting  concurrence  had 
been  combined  in  the  same  arm,  the  result  might  have  been  the  pro- 
duction of  an  entire  eA'tengor  catpi  radialU  accessoriut^  like  that  described 
by  the  author  in  former  papers.  In  the  left  leji:  of  the  same  subject 
was  found  a  large  and  well-marked  specimen  of  the  avcessoriui  ad  caU 


Digiii^cu  L^y  Google 


18G7.j       Mr.  J.  Wood  on  Variations  in  Human  Myology,  543 

etmeum  of  Gkmtzer,  arising  bj  a  flat,  bipennifbrm,  museukr  bellj  from 
the  posterior  tibiid  fiwcia  below  the  tibial  origin  of  the  soleus,  and 
inserted  by  a  flat  spreading  tendon,  which  crossed  obliquely  the  post- 
malleoUr  tendons  into  the  os  cslcis  in  front  of  the  tendo^achillis.  From 
its  outer  border  waa  given  off  a  spreading  aponeurosis,  which  was 
attached  to  the  hinder  border  of  the  outer  maUeolus,  almost  like  that 
seen  in  figure  7.  In  the  left  leg  of  a  female  subject  was  found  the 
perfaratM  tendon  of  the  lUile  toe,  arising  from  a  separate  triangular* 
shaped  muBde,  which  was  attached  to  both  the  tubercles  of  the  oal- 
caneum  between  the  superficial  muscles  and  the  accessorius,  like  that 
described  in  the  author's  former  papers. 

In  the  left  arm  of  another  muscular  male  subject  two  abnormalitieB 
were  found,  viz.  a  third  head  of  the  pronator  radii  teret,  arising  with 
the  fibres  of  the  hraehialis  anticw  at  the  junction  of  the  middle  and 
lower  thirds  of  the  humerus.    The  median  nerve  and  ulnar  vessels 
passed  between  the  abnormal  and  condyloid  heads,  and  the  radial 
artery  came  off  high  in  the  upper  arm.   No  supra-oondyloid  process 
was  found  on  the  bone  (as  described  by  Gfruberinsuchacase),  although 
carefully  looked  for.    The  other  abnormality  was  a  high  muscular 
origin  of  the  Muctar  minimi  digiti,  arising  from  the  fascia  oovering  the 
inner  flexor  muscles  of  the  fore  arm  by  a  single  penniform  head,  and 
joining  partly  with  the  normal  abductor,  and  partly  inserted  by  a  sepa- 
rate tendon  into  the  base  of  the  first  phalanx  of  the  little  finger. 
.  The  author  is  Indebted  also  to  Mr.  J.  G-alton,  of  the  Dreadnought 
Hospital,  for  some  clever  sketches  of  three  abnormalitiea^  one  of  a  detached 
slip  of  the  peetoralit  major,  arising  firom  the  anterior  end  of  the  fifth  rib, 
and  inserted  behind  the  sternal  fibres  into  the  fascia  covering  the  eoraeo-^ 
hraehtaliOf  an  inch  or  so  below  the  coracoid  process ;  another,  of  an 
aeeootorint  ad  flexorem  poUieio  lonyum**  of  Gantter,  the  tendon  of 
whtchy  after  being  first  connected  by  a  broad  aponeurosis  with  the 
muscular  belly  of  the  fiexor  longus  poUicia^  was  then  divided  into  two 
slips,  one  of  which  jdned  the  tendon  of  the  last-named  musde,  and  the 
other  the  indicial  tendon  of  the  fiexor  profundus  digitorum  (as  in  sub- 
ject 9  previously  described).   The  third  was  a  small  fbsiform  muscular 
slip,  found  on  the  deep  surface  ot  the  flexor  hrevio  haUucis^  arising  by  a 
pointed  tendon  from  internal  cuneiform  bone,  and  inserted  by  ano^er 
round  tendon  into  the  abductor  and  inner  head  of  the  flexor  brevia 
hallueis,  close  to  the  sesamoid  bone.   It  seems  to  represent  the  "tiilsr- 
oueus  palmarit  volaris*^  of  the  hand. 

Out  of  36  subjects  dissected  at  King's  College  during  the  8esdini,84 
have  been  found  to  pre.sent  muscular  abnormalities  worthy  of  note. 
Four  of  these  had  also  noteworthy  abnormalities  of  some  of  the  arteries ; 
viz.  jVo.  3,  having  10  miiai  uhir  varieties  in  the  head  and  arm,  had  also 
an  irre^lanly  of  llic  third  part  of  the  subclavian,  whence  a  common 
trunk  \N  as  given  olT  for  the  posterior  and  suprascapular  arteri^.  The 
TOL.  XV.  Y 
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internal  mammsrj  also  gave  off  an  accessory  inferior  thjroid.  No.  7, 
hariog  10  mnacular  abnonnalitiea,  of  which  7  were  in  the  head  and 
arm,  presented  that  remarkable  irregularity — the  right  aubclarian  given 
off  hom  the  descending  aorta  below  the  left — ^while  the  two  carotids 
came  off  from  a  common  trunk*.  No.  20,  having  16  muscular  abnor- 
mities, 12  being  found  in  the  arm,  had  also  a  high  origin  of  the  radial 
arteiy.  No.  27,  having  12  muscular  abnormalities,  of  which  9  were  in 
the  arm,  presented  the  left  vertebral  arising  from  the  aortic  arch,  and 
the  posterior-  and  supra-scapular  coming  by  a  common  trunk  from  the 
second  part  of  the  subclavian. 

From  the  34  cases  contained  in  the  adjoined  Tftble^  which  were  all 
examined  and  noted  with  the  utmost  care  and  accuracy,  a  fair  approxi- 
mative idea  may  be  deduced  of  the  relative  frequency  of  certain  special 
instances  in  the  two  sexes;  on  both  sides  of  the  body,  or  on  one  side 
ooly. 

The  total  number  of  muscular  abnormalitiea  noted  in  86  subjects  is 
296  (reckoning  both  sides  as  one),  of  which  221,  or  about  two-third», 
were  found  on  both  sides,  and  74,  or  about  one*third,  on  one  side  only ; 
the  proportion  on  the  right  side  only  being  39,  and  those  on  the  left 
side  only  86,  or  nearly  equal  on  either  side. 

The  individual  abnormalities  which  exceed  the  above  proportion  oit  hoA 
tftdSst  are — ^the  deido-oecipital  >  those  of  the  pectoralia  mintMr,  comoo- 
brachialis,  brachialis  anticus,  extensor  carpi  ulnaris,  and  the  interosaei ; 
and  the  extensor  medii  digiti  in  the  v^per  extremity ;  and  the  extensor 
longus  primi  tntemodii  hallucts,  and  those  of  the  extensor  brevis  digi- 
torum  pedis  in  the  lower  limb^  all  of  which  were  ^nind  represented  on 
both  sides ;  while  the  proportion  of  the  abnormalitieB  of  the  latissinius 
dorsi,  the  peroneua  quinti,  and  the  abductor  ossis  metatarsi  quinti  found 
on  both  sides  was  also  greater  than  that  above  given. 

Those  instances  of  which  the  proportion  on  one  eiie  only  was  greater 
than  the  average,  were  found  in  the  flexor  sublimis  and  profundus 
digitorum  and  lumbricales,  and  the  more  rare  abnormality,  the  flexor 
carpi  radialis  brevis  vel  profundus,  all  of  which  last  were  found  iu  the 
right  arm.  Of  the  biceps  flexor  cubiti  and  the  flexor  longus  acees^sorius 
digitorum  pedis  nearly  as  many  were  found  on  one  side  only  as  on  both. 

The  total  number  of  abnormiilities  found  in  the  24- males  was  215,  ai^d 
in  the  12  females  81,  sliowing  n  grejiter  proportionate  frequency  in  the 
male  sex  of  almost  as  m:uiv  more.  Of  tliis  number,  15  are  confined  to 
the  head^  neck,  and  thorax  ;  4  of  which  are  iu  females,  or  rather  It^sn 
than  the  forec^oing  average. 

No  less  than  174  are  connected  with,  and  acting  chiefly  upon,  the  bouea 
of  the  uppar  limb,  130  of  which  are  in  males,  and  H  in  females.  This 
also  is  proportionately  lees  in  the  female  thau  the  general  averai^e. 

•  For  an  account  of  the  formation  of  this  sbnommlity,  wee  a  paper  bj  the  author  in 
tiis  I^MBMotioM  of  ths  TMlioIogical  8ode^  of  London,  vol  x.  p.  119. 
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Of  the  remainiiig  106  found  in  the  lower  limb  74  were  in  male,  and  32 
in  female  subjects,  proportionately  a  oonuderably  greater  average  on 
the  side  of  the  female.  So  far  as  these  go^  abnornialities  of  muselea 
appear  to  preponderate  in  the  male,  in  the  Jtead,  neeh,  ikcrax,  and  arm, 
and,  in  the  female,  in  the  k^. 

In  a  mneh  greater  proportion  than  this  on  the  male  side  were  the 
special  abnormalities  of  the  cleido-oecipital,  pectoralis  major,  biceps, 
coraco-brachialiB,  brachialis  auticus,  flexor  longus  poUicis,  lumbricales 
and  interossei  mauAs,  flexor  carpi  radialis  profundus,  palmaris  longus, 
supinator  longus,  extensor  communis  and  brevis  dtgitorum  manAs,  and 
extensor  carpi  ulnaris  in  the  upper  Un^ ;  and  the  peroneus  quinti,  ex* 
tensor  longus  and  brevis  digitorum,  and  lumbricales  pedis  in  the  lower* 
.  On  the  female  side  the  most  tangible  preponderance  is  found  in  the 
frequency  of  aheence  of  the  peroneus  tertius,  and  of  the  pretence  of  the 
abductor  ossis  metatarsi  quinti,  the  extensor  carpi  radialis  intermedins, 
and  of  the  extensor  longus  primi  internodii  hallucis. 

The  Table  shows  as  decidedly  as  that  of  last  year,  the  general  absence 
of  correitpon^nee  in  c<mbination  of  the  muscular  abnormalities. 

Of  the  14  subjects  in  which  there  are  more  than  10  variations,  three 
only  are  females.    One  subject  has  17  muscular  abnormalities,  of  which 

15  are  connected  with  the  arms,  and  2  only  with  the  legs.   Two  have 

16  abnormalities;  in  one  of  them  11  are  connected  with  the  arms 
(including  the  cleido*occipital  and  the  occipito-scapular  given  in  fig.  1), 
1  with  the  head,  and  4  with  the  legs ;  the  other  has  5  in  the  legs  and  1 
in  the  head  and  neck.  Two  males  have  each  18  abnormalities ;  in  one 
10  are  connected  with  the  arms,  and  3  with  the  legs ;  and  in  the  other, 
1  is  found  on  the  ribs,  and  4  in  the  legs.  Three  subjects  (one  of  them 
a  female)  have  12  abnormalities,  of  which  7  belong  to  the  arms.  One 
male  has  11,  of  which  8  belong  to  the  arms.  Two  females  have  each  11, 
of  which  6  in  one,  and  5  in  the  other,  belong  to  the  arms ;  and  4  in  one, 
and  5  in  the  other,  to  the  legs.  Three  subjects  have  10  abnormalities, 
of  which  4, 6,  and  7  respectively  are  found  in  the  arms ;  one  of  these,  a 
male,  and  another  a  female,  have  each  5  belonging  to  the  legs.  In  13  sub* 
jects  no  abnormalities  are  found  in  the  head  and  neck.  In  7  more,  those 
which  were  found  there  acted  equally  on  the  bones  of  the  upper  limb. 
This  leaves  14  in  which  the  muscles  of  the  head,  neck,  and  thorax  only 
were  concerned.  In  1  subject  only,  a  female,  were  no  abnormalities 
found  in  the  arms,  the  only  abnonnal  muscle  discovered  being  the  ab* 
ductor  ossis  metatarsi  quinti.  In  a  male  (No.  4)  2  only  were  found  in 
the  arms,  and  4  in  the  legs.  In  5  subjects  one  variation  only  is  found 
in  the  legs,  the  others  being  found  chiefly  in  the  arms. 

No  levator  davicuUs,  extensor  carpi  radialis  accessorius,  or  stemaUs 
musdes  have  this  year  been  found.  With  the  exception  of  these  and 
five  others,  all  that  were  recorded  last  year  have  been  found  also  this 
year,  with  the  addition  of  abnormalities  in  10  other  muscles. 
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In  tlu'  Table  tlie  fitj;ureH  which  are  placed  at  the  end  of  the  lln^ 
record  the  number  uf  variations  in  eaclj  subject.  Those  at  the  bottom 
of  each  cohimn  ex])ress  the  numlrr  of  variatiou><  in  each  muscle  or 
muBcleSy  the  names  of  wMch  are  loimd  at  the  head  of  the  coiunma. 

The  ordinary  Meetings  cd' the  Society  were  adjourned  over  Aficension 
Paj  und  the  Whitsuntide  recess  to  Thurtidaj,  June  20. 
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chloride of  phosphorus  on  the  salts  of 
t))e  aromatic  uionamines,  aa. 

  on  the  translV)riimtion  of  the  aroma- 
tic monaniincs  into  acids  richer  in 
carbon.  «'?''>o. 

Hooker  (^Sir  W.  J.),  obituary  notice  of, 

XIV. 

IloskinH  (S,  E.),  a  tabular  form  of  ana- 
Iv^iti,  to  aid  in  tracing  the  pos.sjble  in- 
fluence of  jmst  and  present  upon  future 
stiites  of  weather.  4<'(>. 

IIuggin.H  (W.)  on  the  spt'ctrum  of  comet 
L  1>^'<».  ii- 

 -,  further  obBervatifms  on  the  sjjectra 

of  8ome  of  tlio  nebula*,  with  a  miKlo  of 
determining  the  bnghtncas  of  theM» 
bodies.  LL 

Hugginn  (W.)  juid  Miller  (W.  A.)  on  the 
spei'trum  of  a  now  star  in  Conma  Bo- 
real i(*,  I4«>. 

Hugijina  (W.),royal  medal  awarde<l  to, 280. 

lluike  (J.  VV.)  cm  the  anatomv  of  the 
Fotva  ccntraiis  of  the  human  retina, 

mL 

Human  myologj,  variations  in,  229.  .')18. 

Hunt  (T.  S.)  admitted,  iH^ 

Hydatids,  on  the  rearing  of  Tienia  cchino- 

cocctis  from,  224* 
Hydric  i>oroxido  and  hydric  iodide,  on  the 

reaction  of.  2U2^ 
Hydrocarbons,  new  serie.*  of,  derived  from 

coal-tar,  lli2i 
Hydrogen  ga«,  on  the  (KX^lusion  of,  by 

meteoric  iron.  r><-)2. 
Hygrometer,  Appold's  automatic, 

India,  pendulum  observations  in,  2'>  1, 
2:»<'..  276. 

Insolation,  on  the  relation  of,  to  atmo- 
spheric humidity,  diiiL 

Intimate  structure  of  the  brain,  on  the, 
second  series,  ri09. 

Iron  ships,  on  the  action  of  tlie  com|>ii.s5e«4 
in,  2S. 

James  (Sir  Henry\  re]K)rt  on  the  levelling 
from  the  Mediterranean  to  the  Dead 
Sea,  m 

Jones  (H.  Bence)  and  Dupr^  (A.)  on  a 
fluorescent  substance,  roseinbling  qui- 
nine, in  animals ;  and  on  the  rate  of  pas- 
wage  of  quinine  into  the  vascular  and 
non-vaecular  textures  of  the  body,  13. 

Kaye  (J.  W.)  admitted,  25fi» 

Kew  observatory,  results  of  magnetic  ob- 
servi-ifions  at :  No.  III.  Lunar-diurnal 
variation  of  tlie  three  magnetic  element*, 

m 

Kupfler  (A-T.von),  obituary  not  ice  of,  xlvi. 


Lodd  (W.)  on  a  magneto-electric  ma- 
chine, 404. 

Levelling  from  the  Mediterranean  to  the 
Dead  Sea,  report  on,  128. 

Light,  computation  of  the  lengths  of  the 
waves  t>f,  corns  landing  t<»  the  lines  in 
the  di.-ipcrsiuu-ii^Kctrum  measured  by 
Kirchhoff, 

Lilley  (J.)  on  the  action  of  ccunpasjos  m 

iron  ships.  .38» 
Lindlcy  (J.),  obituary  notice  of.  xxs. 
Lookyer  (J.  N.),  8]>ectro8copio  ubdcrvations 

of  the  sun,  2.'><i 
Lubbock  (Sir  J.  W.),  obituary  notice  of, 

ixxii. 

Lunar  atmospheric  tide  at  Melbourne, 

480. 

Mtignet.  on  the  augmentation  of  the  power 

of.;m 

Magnetic  current.-*,  on  the  augmentation  of 
the  power  of  a  magnet  by  the  reaction  of, 
'M\\\. 

 declination,  on  the  lunar-<1iumal 

variation  of,  414. 

 determinations,  monthly,  mtulo  at 

Coiinbra,  June  to  Nov.  1>SC(>,  474. 

 dip,  on  the  secular  change  of,  ha  re- 
corded at  Kew  Obfiervalory, 

  observations  at  BomUiv,  on  the, 

ilL 

 observation.^  ;  lunar-diumal  varia- 

ti(m  of  the  three  magnetic  elementjs 
(No.  III.). 

 ohservatory  to  be  cstablhihetl  at  Mel- 
bourne, Muuritiu.s,  Bombay,  and  Stony- 
hurst,  274,  27.">. 

Magnetism,  ex|)erimental  resoarchcs  in, 
(Part  LI,  IQL 

 ,  terrewtrial,  contributions  to  (No.  X  ), 

2LiiL 

Magneto-electric  machine,  on  a,  404. 

 machinc«  of  Wilde.Wheatstone, 

and  Siemens,  on  certain  points  in  the 
theory  of,  40.i 

Mammoth,  account  of  the  discovery  of,  in 
Arctic  Siberia,  ii3- 

Marsupialia.  on  the  development  and  suc- 
c«'s8ion  of  the  te«^th  in  the.  4^>4. 

Matter,  on  the  internal  distribution  of, 
which  shall  produce  a  given  potential  at 
the  surface  of  a  gn»vitating  maa^,  AA'l. 

Matthies.sen  (A.)  on  the  expansion  by  heal 
of  metals  and  allovs,  221L 

Mnuritius  magnetic  observatory.  274. 

M.ixwell  (J.  C.)  on  the  viseo.sity  or  inter- 
nal friction  of  air  and  other  gases,  LL 

 on  the  dvnamical  theory*  of  ga<«!Ss 

 on  the  theory  of  the  mnintcnance  of 

electric  currents  by  meclianical  work 
without  the  use  of  permanent  magneta, 
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Mechanics,  fundamental  views  regurtling, 

Melbcjurno,  lunar  atmospheric  tide  at, 
489. 

 magnetic  obsenratory,  274. 

Mercury,  on  the  specific  gravity  of.  UL 
Merri field  (C.  W.)  on  a  new  method  of 

calculating  the  staticnl  stability  of  a 

ship,       ;  note  on,  ^V.Hi. 
Metals  and  allovs,  on  the  expansion  of,  by 

heat, 

Meteoric  iron,  on  the  occlusion  of  hydro- 
gen gns  by,  ijil2. 

 stone,  comjjosition  of  the  Dhurm- 

salla,  2iA. 

Meteorological  department  of  Board  of 
Tratle.  on  reorganization  of,  271. 

 observations  by  sea  and  land,  note  on 

a  corrospoiulcnce  on,  between  Her 
Majesty's  Government  and  the  Presi- 
dent and  Council  of  the  Royal  Society, 
21L 

]Vr etheny Id i pheny Idiani i ne,  fil. 
Miller  ( W.  H.)  on  the  forms  of  graplii- 
toidal  silicon  and  graphitoidal  boron, 

IL 

Mivart  (St.  George)  on  the  appendicular 
skeleton  of  the  primatf»f<,  .'^2<). 

Moisture,  on  Appold'»  apparatus  for  re- 
gulating, 145. 

Monamines,  aromatic,  action  of  trichloride 
of  phosphorus  on  the  salts  of,  ixL 

 ,  ,  transformation  of,  into  acids 

richer  in  carbon, 

Montgomery  (E.)  on  the  formation  of 
"  oell.»i"  in  animal  bodies,  »314. 

Moon  (R.)  on  Poisson's  solution  of  the 
accurate  equations  applicable  to  the 
transmission  of  sound  through  a  cylin- 
drical tube,  and  on  the  general  solution 
of  partial  differential  equations,  306. 

 on  the  integrability  of  certain  par- 
tial different ial  e<|uations  proposed  by 
Mr.  Airy,  ifiiL 

Motion  of  a  rigid  body  moving  freely 
about  a  fixed  point,  on  the.  121L 

Miiller  (Dr.       a<lmitted,  2i£L 

Murchison  (DrTC.)  admitted,  IBS. 

Muscles,  table  of  varieties  in  the,  243.  54tl. 

Mu.icular  arrangements  of  the  bladder  and 
prostate,  2i^L 

Myology,  variations  in  human,  220.  r>18. 

Mysteries  of  numbers,  on,  llf). 

Nebulfe,  furthf-r  observation.^ on  the ^p<vtra 
of  the,  ami  niudc  of  determinLiig  their 
brightness.  17. 

Ncttlcship  (E.),  notes  on  the  rearing  of 
Ttrnia  echinococcm  in  the  dog.  from 
hydatids,  witli  some  obi4ervati(ms  on  the 
anatomy  of  the  adult  worm.  2iiL 

Neumayer  (O.)  on  tlio  lunar-diurnal  va- 
riation of  the  magnetic  dcclinatiun,  with 


special  regard  to  the  moon's  declination, 
414. 

Neumayer  (Q.)  on  the  lunar  atmospheric 

tide  at  Melbourne,  489. 
Nitrogen,  elimination  of,  by  the  kidneys 

and  int^'.stines,  3^ 
Numbers,  on  the  mysteries  of,  alluded  to 

by  Fermat,  106j  lii 

Obituary  Notices  of  Fellows  deceased  : — 

John  George  Appold.  L 

George  Boole,  vi. 

Samuel  Hunter  Christie,  xi. 

Hugh  Falconer,  xiv. 

Vice- Admiral  Robert  PitzRoy,  xxi. 

Benjamin  Gomyw  rtz.  xxiii. 

Sir  Benjamin  li<  y wuod,  xxiv. 

Sir  William  Jackson  Hooker,  xxv. 

John  Lindley,  xix. 

Sir  John  Wiiliam  Lubbock,  xxxii. 

Sir  John  Richardson,  xxxvii. 

Admiral  William  Henry  Smyth,  xliii. 

Johann  FVanz  £nckc,  Ixiv. 

Adolf  Theodor  von  Kupffer,  xlvi. 
Optics  of  photography,  4.  ><). 
Ovibos  moschalu*,  olti. 

Pahfocyclm,  on  the  genus,  460. 

Parker  (W.  K.),  royal  medal  awarded  to, 

Parkes  (E.  A.)  on  the  elimination  of  ni- 
trogen by  the  kidneys  and  intestines 
during  rest  and  exerci.se,  on  a  diet  with- 
out nitrogen,  '^ffl. 

Partial  differential  equations,  on  the  ge- 
neral solution  of.  'MWi. 

 ,  on  tlie  integrability  of  certain,  pro- 

posetl  by  Mr.  Airy,  48i[>. 

Pendulum  experiments  in  India,  preli- 
minary notice  of  results  of,  Ml 8. 

 observations  in  India,  254,  256. 

Perkin  (W.  Hj  admitted.  2tKL 

Petroleum,  note  on  the  amyl-oompounds 
derived  from,  131. 

Pctiigrew  ( J.  B.)  on  the  muscular  arrange- 
ments of  the  bladder  and  prostate,  and 
the  manner  in  which  the  ureters  and 
urethra  are  closed,  244. 

Phillips  (J.),  notice  of  a  zone  of  spots  on 
the  sun,  6bL 

 ,  observations  of  temperature  during 

two  eclipses  of  the  sun  (in  1858  ana 
18C.7),  42L 

Phospliontft,  on  the  action  of  trichloride 
of,  on  tiio  salts  of  the  aromatic  mon- 
amines. 

Photography,  optics  of,  456. 

Pluckor  (J.),  fundamental  views  regarding 
mechanics,  2Qii 

 ,  Copley  medal  awarded  to,  278. 

Pollock  (Sir  F.)  on  the  mysteries  of  num- 
bers alluded  to  by  Fermat,  1 15. 
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Priniatt*,  on  the  appendicular  Kkclct<»n  of, 
■•{•JO. 

Pyrophosphoric  acid,  on.  i)\0. 
■       aniiden,  on  tlie,  .')()*.). 

Qiiantias,  eighth  memoir  on.  330. 
Quinincv  on  a  flnores<vnt  substunoe  re«em- 

l)lin)yj.  in  animaln,  liL 
 ,  on  (ho  r.itc  of  pjiasagc  of,  into  tlie 

vascular  and  non-Ta»eular  textures  of 

the  body.  87. 
Qtant«»nyldiphcnyldiannne,  GO. 

Radcliffe  (C.  B.).  an  account  of  experi- 
incnt«  in  «oinc  of  which  elpctroscopie  in- 
dications of  aninml  electricity  were  de- 
tected for  the  first  time  by  a  new  method 
(»f  experiinentmg,  ITifi. 

R:i<Uation  and  absorption,  sixtli  memoir 
on,  5. 

Kunkine  (W.  J.  M.),  note  on  Mr.  Merri- 
field's  new  method  of  calculating  the 
statical  Htability  of  a  ship,  ItV)6- 

 ,  on  a  property  of  currca  which  fulfil 

tlie  condition  f^+Jt  =0,  468. 

KauHoni  (W.U. ),  observations  on  the  ovum 
of  osseoiui  fishes,  1^2lL 

lli^spiration,  influctice  of,  on  the  circula- 
tion of  the  blood,  ^'M. 

IV'st  and  exerci.se,  effect  of,  on  the  elimina- 
tion of  nitrogen  by  the  kidneys  and  in- 
tent incs, 

Retina,  human,  anatomy  of  tlie  Fovea  cm- 

fraU»  of.  m 
JihiroMcros  lepforkintis,  on  the  dentition 

of,  llJfL 
Jih'fnchorrphalus,  4fi0. 
liichartls  (Cajit.)  mlmittcd,  L81L 
Richanlson  (T.)  admitted,  4<).'i. 
llichnrdson  (Sir  J.),  obituary  notice  of. 

XXXV  ii. 

Ricinann  (G.  F.  B.)  elected  foreign  mem- 
ber, m 

Rigid  body,  on  the  motion  of  a,  about  a 
fixed  point,  l.*^*.). 

Rigiditiefl,  cxperinients  on  torsion  and 
flexure  for  tlie  determination  of,  .'t.'*!). 

Robinson  (^Rcv.  T.  R.)  on  the  means  of  in- 
creasing the  quantity  of  electricity  given 
by  induct  inn -ttmrhines,  171. 

Hose  (G.)  eltvtal  foreign  member,  IfiJL 

Rotation,  on  uniform,  XL 

Rtjyal  modal  awarded  to  W.  nuggin.H, 
to  W.  K.  Parker.  282. 

Rum  ford  medal  awarde<l  to  A.  II.  L. 
Fizeau,  28.3. 

Russell  (W.  II.  L.)  admitted, 

Sabine  (Lieut. -Gen.  E.),  note  on  a  eorre- 
sponilcnce  between  Her  Majesty's  Go- 
vernment and  the  Prcsideut  uud  Coun- 


cil of  the  Royal  Society  regarding 

teor.>lo^tml  o^>«terTation8  to  be  made  by 

sea  and  land,  29. 
Sabine  (Lieut.-Gen.  E.),  contributions  to 

terrestrial  magnetism  (Xo.  X.).  ^>i>- 
 ,  results  of  the  magnetic  observation* 

at  the  Kew  Observatory  :  "So.  III.  Lunar 

diurnal  variation  of  tkc  three  magnetic 

clement.H.  24U. 

 ,  note  on  Prof,  de  Souza's  paper,  474. 

Sanderson  (J.  B.)  on  the  influence  exerti<i 

by  the  movements  of  resp'nition  on  tl»e 

circulation  of  the  blood.  il '  1 . 
Schorlemmer  (C. ),  note  on  the  amyl-com- 

pound.s  derived  from  petroleum.  131. 
- — ■  o\\  a  new  series  of  nvdrocarbon*  de- 
rived from  coal-tar,  lisL 
Schunck  (E.)  on  the  colouring  and  cxtrric- 

tive  matters  of  urine  .  Part  L,  1  :  Part 

IL,  222. 

 on  a  crystalline  fatty  acid  from  hu- 
man urine.  2.'>8. 

  on  oxaluratc  of  ammonia  as  a  con- 
stituent of  human  urine,  2;V.l. 

Selwyn  (Rev.  Canon)  admittetl,  200. 

Shanks  (W.)  on  the  calculation  of  the  nu- 
merical ralue  of  Eider's  constant,  which 
Professor  Price,  of  Oxfonl.  calls  E.  42'.». 
i  Ship,  new  method  of  calculating  the  sta- 
tical stability  of  a,  Iiii2  ;  note  on.  3'. Hi 

Siemens  (C.  W.)  on  unifonn  rotation.  XL 

  <m  the  conversion  of  dynamicad  into 

electrical  force  without  the  aid  of  per- 
manent magnetism,  'Uu. 

Silicon,  graphitoidal,  on  the  forms  of,  II. 

Sihirian  lite,  geographical  distribution  of, 
384. 

Smith  (A.)  on  the  tidal  current*  on  the 

west  coast  <;f  Sctjlland,  42* 
Smith  (IT.  J.  S.)  on  the  orders  and  genera 

of  ternary  quadratic  forms,  3S7. 
Smyth  (Admiral  W.  II.),  obituary  notice 

of,  xliii. 

Sorby  (II.  C)  on  a  definite  method  of 
qualitative  analysis  of  animal  and  vege- 
table colouring-matters  bv  means  of  Die 
spectrum -m  icro8iX)pe,  43i 

Sound,  transmission  of,  through  a  cylin- 
drical tube,  on  Prn>«oii'5  w>lution  of  the 
accurate  equationt^  applicible  to,  3tXi. 

Southern  telescope,  notice  of,  273. 

Spectra  of  the  nebulic,  further  obserra- 
tions  on,  VL 

Spectroscopic  obserration.s  of  the  sim, 
2aiL 

Spwtrum  of  comet      ISTiC,  iL 

  of  a  new  stiir  in  Corona  Borealis, 

14G. 

 microscope,  on  a  definite  method  of 

qualitative  analysis  of  animal  and  vege- 
table colouring-matters  by  mccins  of 
the,  433. 

Standards  of  length  of  England,  France, 
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Belgium,  PruBaiii,  Russia,  India,  and 
Australia,  abstract  of  the  fMulU  of  the 

fOinpan'son  of,  311. 
Statical  stability  of  a  ship,  new  method  of 

cfiloulattng,  ^32;  note  on,  306. 
Stewart  (B.),  note  on  the  secular  elmiitro 

of  nuignetie  dip,  u  recorded  at  the  K«w 

Obsenratory,  8. 
- — ,  on  the  tpecifio  gjnmkj  of  mereoiy, 

la 

 and  Tail  (P.  G.)  on  the  heating  of  a 

.  disk  faj  ntpid  rotation  in  vaeuOt  290. 

«  ,  a  comparison  Ix'tworn  somo  of  the 
simultaneous  records  of  the  barographs 
at  Oxford  and  at  Kew,  413. 

Stigmntics,  piano,  second  memoir  on,  192. 

Stokes  (G.  G.)  on  the  intenial  dlHtribution 
ol  iiiuttcT  which  shall  produce  a  given 
potential  at  the  MiHaoe  of  a  graTitating 

Stonjhurst  magnetic  olwerTatory,  275. 
Strange  (A.)  on  a  tnuuit'infltrumont  and 

It  zenith  sector,  to  be  u<*(xl  oti  the  Groat 
Trigonometrical  Survey  of  India  for  the 
detvmination.  rospectivelj,  of  longitude 
and  latilu'Ie.  385. 

Sulphite  of  »odA,  its  utility  in  mioroepeotro 
researches,  447. 

Sun,  notice  of  a  rxjne  of  spots  on  th^  63. 

 ,  liiminositv  oftlic.  <>."^. 

— — ,  8|M?ctroscopic  obiwrvatious  of,  256. 

^— ,  eeltpna  of;  ofaiervationa  of  tempera- 
ture during,  421. 

Sunlight,  note  on  the  relatiTe  chemical  in- 
temity  of,  20. 

Sonepots,  observation  of*  ^  Benaa  and 
Kew,  27r). 

Sylreater  (J.  J.)  on  the  ntotiuti  of  a  rigid 
body  moving  fntAj  about  a  fixed  point, 
139. 

Timia  eekinoeoeeus,  notes  on  the  rearing 

of,  in  the  do-,',  from  hydiUids,  224. 
Tarn  (E.  W.)  on  the  stabihty  of  domes, 

Part  I.,  182;  Part  IL,  2G6. 
Toetli.  suooeasion  and  development  of,  in 

the  mar^iipinlia,  4H4. 
Temperature,  on  Appold'a  upparaLus  for 

regulating,  144. 
  .  olw^rvations  of,  tlnrinrj  (wo  eclipses 

of  the  mn  (in  lbb6  and  1867 j,  421. 
Ternary  quadratto  forme,  on  the  orders 

and  genfra  of,  .'y^7- 
Tetraphosphoric  amides,  on  the,  500. 
Thesaurus  Siluricus,  a  brief  account  of 

the,  .H72. 

Tidnl  torrents  of  tbewett  ooaet  of  Soot- 
land,  on  the,  42. 
Tide  obwmtione  at  Bristol.  diaeuaitOD  of. 


Tides  of  the  arctic  seas,  on  tlio  (Part  HI.), 
114. 

Torsion  and  n.^xuro.  experiments  on,  for 
the  determination  ot  rigiditira,  3ii6. 

Townsend  (Rev.  B.)  admitted,  2fJ9. 

Transit-instrument,  description  of,  385. 

Tyndall  (J.),  sixth  memoir  on  radiation 
and  absorption,  5. 

Urinp,  on  the  colouring  and  extractive 
matters  of,  Part  I..  I  ;  Part  II.,  222. 

 ,  'human,  on  a  oxyetalline  (atty  acid 

from,2fi8. 

Yarley  (C.  F.)  on  oertain  paints  in  tho 

theory  of  the  magneto-electric  machines 
of  Wilde,  Wheatstonoj  and  Siemenst 

403. 

Vice-Presidents  appointed,  289. 

Vision,  binoottkr,  a  new  fret  relating  to* 

424. 

Von  Baer  (Cbrl  Ernst),  aooonnt  of  the 

diei'-orerr  of  the  body  ^a  mammoth  in 
Arctic  &bcria,  U3. 

Walker  (J.,  Lieut. -Col.),  Letter  on  Cant. 
Bu«eri's  pendulum  obeerrations  in  In- 
dia, 254. 

 ,  prdiminary  notice  of  result.H  of  pen- 
dulum pxj)erinjents  timde  in  Tmlia,  'M^. 

Wanklyn  (J,  A.),  rosaniline,  on  the  rela- 
tion of,  to  rosolic  add,  210.  , 

 and  Chapman  (E.  T.),  etbj]ami]ie» 

on  the  pre|Miration  of,  218. 

Watts  (IL)  admitted,  189. 

Weather,  influence  of  past  and  preeenton 
future  states  of  470. 

Wlieatstone  (C.)  on  the  augmentation  of 
the  power  of  a  magnet  by  the  reaction 
thereon  of  currents  inauoed  hf  Uie 
magnet  itself,  369. 

Wilde  (H.),  experimental  researcihes  in 
ntagnetism  and  eleotricily  (Fart  I.), 
107. 

Wilson  (E.)  on  a  remarkable  altcrutiun 
of  appraranee  and  Structure  of  the  hu- 
man liair,  40(j. 
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